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PREFACE 

The reasons for writing this book— the first of its kind published 
in this country — have been twofold. In the first place, I have 
felt the want of such a book for my own students. In the second 
place, the work was undertaken in the hope that interest in 
electro-chemistry might be stimulated. 

The book has been some years in preparation, owing to tlie 
fact that I did not wish to include any experimental work which 
had not been personally tested or supervised. With a few 
exceptions— in the separation of the metals — all the experimental 
work has been carried out in the laboratories of the Borough 
Polytechnic Institute. All the possible methods of analysis 
have not been given, but those included have been found 
to give the best results. Many of the analytical methods are 
superior, in the ease with which they may be carried out and 
in accuracy, to ordinary chemical methods; others still leave 
a good deal to be desired. 

The preparations have all been carefully worked out, and 
I hope that those who work through this book may be stimu- 
lated to carry out research in connection with electro-chemical 
problems. 

For help in carrying out the experimental part of the work, 
I desire most heartily to thank Messrs. A. Fontana, H. B. Law, 
B.Sc., and W. C. Prebble. For drawing the majority of the 
diagrams, my thanks are due to Mr. W. C. Prebble; and, for 
reading the proofs and helping to check the very numerous 
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references, to Mr. N. J. Bluman. 1 am also much indebted 
to Dr. W. Semple for kindly reading through the introductory 
parts of the book. 

I am obliged to Messrs. Baird & Tatlock, London, for 
kindly lending the block of Fig. 50; to Messrs. Nalder Brothers 
& Thompson, for Fig. 13; to the Electrical Power Storage Co., 
for Fig. 33 ; to Messrs. Sherard, Cowper Coles, & Co., for Figs. 
43 j 44 > 55> ^nd 56; and to Messrs. Longmans, Green & Co., 
for the engraving of Faraday. 

I shall be most obliged for any criticisms, hints, or suggestions 
from those who use this book. 

F. M. P. 

London, 

December 20 , 1904 . 



HINTS TO STUDENTS 

Experience shows that there is a great tendency among those 
who commence the study of electro-chemistry to slop through 
the work. The average student seems to think all that is 
necessary is to mix his solutions in a more or less accurate 
manner, and then to switch on the current — the electricity will 
do the rest. A greater mistake could not be made; unless 
details of current density, electromotive force, temperature and 
composition of the electrolyte are carefully attended to, the 
results will not be such as are expected, or as are set out in 
the book. Students are very apt to say, “It is -about right,” or 
“ The results are near enough.” Such workers will never succeed, 
and do not deserve success. 

It is not desirable — except as a severe lesson — for the 
student to commence the analytical separation of an alloy, after 
he has analysed, say, copper or nickel. The student should 
carefully work through the major portion of the analysis of 
single metals before thinking of attempting separations. It is 
also desirable to try the several methods given for the analysis 
of each metal, because different workers, after experience, prefer 
different methods, «>. one worker obtains better results from 
a specified method than another. 

The time given for the analysis of the metals must only 
be taken as a guide, because concentration of the electrolyte, 
temperature, and current density are most important factors, 
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and variations in these conditions will also cause variations in 
the time factor, and in the E.M,F. 

Absolute cleanliness is essential to correct results; the least 
trace of grease upon the electrodes may be sufficient to ruin 
an experiment. Platinuih is largely employed in electro- 
chemistry, but the average student, and some very much above 
the average, look upon platinum as being imperishable. This 
is a very grave error; platinum requires the most careful usage, 
and should be handled as if it were — as it is — a precious 
substance. 

In all cases in this book, except where otherwise specially 
stated, the Current Density, C.D., refers to the square 
decimeter of surface. The flag electrodes preferred hy the 
author usually have a surface of | square decimeter; therefore, 
if a C.D. of I ampere is stated as being required, then only \ 
ampere of current must be employed; a registered current of 
I ampere would represent a C.D. of 2 amperes. 

The student is advised, after having made a few analytical 
determinations, to carry out the analytical and preparative work 
conjointly. 
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GENERAL 




CHAPTER 1 . 


ELECTROL YSIS, 

While electro-chemistry may be said to date back to the dis- 
covery of the galvanic element by Volta in 1800, a discovery which 
led to the isolation of the alkali metals by Davy in 1806, we have 
to thank Faraday before all others for placing the subject upon a 
firm and scientific foundation. Not only did Faraday, by formu- 
lating the laws governing the passage of the electric current through 
electrolytes, in 1853, lay the foundation stone of theoretical and 
practical electro-chemistry; but in 1831 he had already shown 
that a temporary current is Induced in a closed circuit by the 
movement of a magnet in its neighbourhood— an observation, the 
application of which in future years was destined to revolutionise 
many phases of chemical industry, and to found a new branch 
of engineering, the development of which seems to have no 
bounds. 


Electrolysis. 

That some substances, such as metals, conduct electricity 
readily, and that other substances, such as glass and porcelain, 
will not allow its passage has been known for a great number of 
years. Since the time of Volta, it has been recognised that 
certain liquids may also be classed among conductors of the 
electrical current. 

Faraday called metals and similar substances conductors of 
the first class ; liquids he called conductors of the second 
class. We shall not here concern ourselves with the manner in 
which the electric current passes through a metallic conductor ; a 
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few years ago there was very little controversy as to how this took 
place— to-day there are several theories. It is, however, necessary 
to have some conception of the way in which liquids may be 
supposed to be able to conduct electricity. 

All liquids are not conductors; pure water itself is not a 
conductor. Aqueous solutions of salts, acids, and bases permit 
the passage of the current ; on the other hand, solutions of some 
substances, such as sugar, gum, etc., do not possess this property. 
It is therefore obvious that salts, acids, and bases behave differently 
in solution from other classes of substances, 

According to our present conceptions, it is presumed that salts, 
acids, and bases, when in solution, are not there exclusively in 
the form of complete molecules, but that the molecules are, in 
solution, dissociated to a greater or less extent into ions. For 
example, common salt, NaCl, when dissolved in water is supposed 
to be split up into the positive ion Na, and the negative ion Cl. 
In the solid condition sodium chloride is electrically neutral, 
having neither a positive nor a negative charge, or, what comes 
to the same thing, it has opposed charges in equal proportion. 
In solution, however, some at least of the molecules break up 
into the ion Na carrying a heavy positive electrical charge, and 
the ion Cl with an equal charge of negative electricity. In a 
similar manner, potassium hydroxide in solution is split up into 
the positive ion K, and the negative ion OH, known as the 
hydroxyl ion.^ 

When two pieces of platinum, connected with the opposite 
poles of an electric battery (these pieces of platinum when so con- 
nected are called electrodes), are placed in a solution of sodium 
chloride, a current of electricity passes through the solution, 
and it is found that chlorine gas is evolved at the piece of platinum 
connected to the positive pole of the battery, while hydrogen gas 
is given off at the piece .in connection with the negative pole. 
It has already been stated that pure water will not conduct 
electricity ; how is it, then, that the electric current readily passes 

^ The valency of the cation is represented by a (') : thus in Ag’ and in 
Ba”.^ The valency of the anion is represented thus ('), s.g. Cl' and SO/'. 
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through a solution of sodium chloride ? It is a well-known law 
in electrical science, that like attracts unlike, and like repels like, 
i.e. negatively charged bodies attract positively electrified bodies, 
and repel negatively electrified bodies. Now, in a solution of 
sodium chloride there are present €1 ions carrying a negative 
electric charge, and Na ions charged with an equal quantity of 
positive electricity. It follows that the negative ions will be 
attracted to the positive pole, and the positive ions to the negative 
pole. In other words, the electric current will be conveyed across 
the solution from one pole to the other by the ions. The Cl, or 
negative, ions will convey the negative electricity to the positive 
electrode, where they will become neutralised by the positive 
electricity at that electrode. The Na, or positive, ions will 
convey the positive electricity to the negative electrode, where 
they will become neutralised by the positive electricity at that 
pole. 

It was Faraday who first called the particle which conveys the 
current in solutions an ion,— from the Greek word meaning 
wanderer or traveller. He called the ion which conveyed the 
positive electricity, and therefore appears at the negative pole, 
the cation, and the negative pole the cathode. The ion which 
conveys the negative electricity was designated the anion, and 
the positive pole at which it is neutralised the anode. 

The ion Cl is not molecular chlorine as we know it — a yellow 
gas of unpleasant odour. Neither is the ion Na molecular sodium 
—a readily oxidisable metal, which decomposes water, The 
molecules are electrically neutral; the ions, on the other hand, 
possess an electric charge — the anion being negatively charged, 
the cation having an equal positive charge. The moment the 
ions are liberated at the electrode, it. have their charges neu- 
tralised by an equal quantity of the opposite charge, they become 
atoms which, uniting together, become molecules of the substances 
in the free state as we know them. Thus, as soon as the electric 
current passes through the solution, a smell of chlorine gas is 
perceptible at the anode, and hydrogen is evolved at the cathode ; 
the solution in the neighbourhood of the cathode becoming 
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alkaline, owing to the metallic sodium at the moment of its libera- 
tion reacting with the water thus — 

Na + H,0 = NaOH + H. 

The production of hydrogeif in this example is thus due to a 
secondary action. An example might, however, be taken in 
which both the anion and cation, on neutralisation, give rise to 
the corresponding molecular forms. For instance, in a solution 
of copper chloride we have the cation Cu** and the two anions 
Cl, the two anions together bearing the same amount of electricity, 
but of opposite sign, as the Cu" cation. On electrolysing this 
solution gaseous chlorine makes its appearance at the anode, and 
metallic copper is plated on to the cathode. 

According to Le Blanc, leaving out of account metallic salt 
solutions and salts of the halogens, the electrolysis of water may 
be looked upon as being a primary decomposition. In water we 
have H and OH ions. Now, the electrical conductivity of a 
solution is brought about by all the ions in the solution. In 
electrolysing a solution of potassium sulphate, what we notice is 
the separation of hydrogen at the cathode, and oxygen at the 
anode. When therefore the current is not too strong, it is not 
necessary to assume the separation of potassium at the cathode, 
and the SOj radical at the anode, although this assumption is 
usually made. There will always be H and OH ions present, 
since these will be immediately generated by the undissociated 
water. At the electrode, the action which will take place is 
naturally that which proceeds the most readily ; that is, in this 
case, the separation of the H and OH radicals. As a matter of 
fact, in ordinary electrolysis, when currents of considerable inten- 
sity are being used, we may presume that we have both a primary 
and secondary reaction proceeding simultaneously. 

Faraday, in his researches into the phenomena of electrolysis, 
found by careful measurement that the quantity of substance 
deposited at the electrodes always corresponded to the amount 
of electricity which had been passed through the solution. He 
further found that amount of substance deposited at the cathode 
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always bore the same ratio to the quantity given up at the anode ; 
further, that the quantity of different elements yielded up at the 
electrodes by a given current bore a simple ratio to their com- 
bining weights. The laws of Faraday, deduced from these facts, 
are usually formulated as follows : — • 

1. The amount of a substance liberated by the electric current is 
proportional to the total quantity of electricity passed through the 
solution, 

2. By the same quantity of current equivalent proportions of 
different electrolytes are decomposed. And the amount of different 
substances deposited is in the ratio of their equivalmt weights. 

I'he first law states that the amount of substance liberated 
depends upon the quantity of current passed. It does not matter 
whether the current has been passed slowly or rapidly. For 
example, in i hour a current of i ampere will deposit 1*1858 grm. 
of copper at the cathode, a current of 2 amperes would liberate 
this quantity in half an hour, and one of half an ampere would 
require to be passed for 2 hours to deposit the same quantity. 

"When a cnrient of i ampCTC is passed through, a circuit for 
I second, the quantity of electricity which passes is called a 
coulomb ; that is, a coulomb is i ampere second, A current of 
I ampere passing for 96,540 seconds will deposit the gram equivalent 
of an element ; in other words, 96,540 coulombs of electricity 
are required to deposit the gram equivalent of an element. This 
quantity of electricity is sometimes called a Faraday. Lehfeldt ^ 
suggests that the name might be brought into more common use ; 
we will, therefore, in this book employ the term faraday to denote 
the quantity of electricity 96,540 coulombs. One coulomb will 
deposit o’ooiiiS grm. of silver from a solution of a silver salt. 
If this quantity is divided into the atomic weight of silver, we 
obtain— 

”^-^0 = 06,1; ^8 coulombs. 
o'ooiiiS ^ 

Again, i coulomb of electricity will deposit 0*0003294 grm, of 
copper from a solution of a cupric salt, and if this number is 
^ “ Electro-chemistry,” pt. i. p. 3. 
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divided into 3r8, the hydrogen equivalent of copper, compared 
to oxygen as i6, we obtain — 

31‘S 

7 = 96>589 coulombs. 

00003294 ^ 

f 

But when I coulomb is passed through a solution of a cuprous 
salt o‘ooo 6588 grm. of copper is deposited. The equivalent 
in this case is 63'6, the cuprous ion being monovalent, 

o-o^L^SS = coulombs. 

The last two examples prove Faraday's second law, that the 
same quantity of current will liberate equivalent proportions of 
the different elements. The quantity of electricity necessary to 
liberate i'oo8 grm. of hydrogen will liberate 107*93 
silver, 31*8 grm. of copper from cupric salts, and 63*6 grm, 
of copper from cuprous salts. These examples all refer to sub- 
stances liberated at the cathode, but the same quantity of current 
will likewise liberate at the anode 8 grm. of oxygen, 35*45 grm. 
of chlorine, 126*85 of iodine, etc. 

Only the elements most likely to be required in general electro- 
chemical work have been included in the following table. There is, 
however, no difficulty in calculating the elcctro-chemical equivalent 
of an element. If the atomic weight and the valency are known, 
then the electro-chemical equivalent is found by, first dividing 
the atomic weight by the valency number and the number so 
obtained by 96,540. For example, the atomic weight of boron is 

II (0 = 16) and its valency is 3, We therefore get — = 3*6666, 

3 

The number 3*6666 is the oxygen equivalent of boron, and from 
this we obtain— 

3*666 

^ = 0-03797 mg. 

That is, 0*03797 of boron would be deposited in i second by 
a current of i ampere passing through its solutions. 
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TABLE L-ATOMIC AND EQUIVALENT WEIGHTS AND 
ELECTRO-CHEMICAL EQUIVALENTS OF THE ELEMENTS. 

Calculated from the table of atomic weights drawn up by the International 
Committee for 1903. 


Element. 

Formula 

and 

valency. 

Atomic weight. 

Equivalent weight. ! 

1 

Electro-chemical 

e^uivaleoL. 

H = i 

0 = r6 

H = i 

0 = 16 

Per 

coulomb ' 
in mg. 
per sec. 

Per 

iiiipere hr. 
in grms.,i 
i.f. 3600 
coulombs. 

Aluminium 

A 1 -" 

26*90 

27*10 

8-966 

9-033 

0-09357 

0-3368 

Antimony 

Sb--' 

119-30 

120*20 

39-766 

40*067 ! 

0*41504 

1-4941 

Arsenic 

As"’ 

74*40 

75*00 1 

24-800 

25-000 s 

0*25896 

0*9323 

Barium 

Ba" 

136*40 

137-40 

68-200 

68-700 

0-711^ 

2*5619 

Bismuth 

Bi’" 

206*90 

208-50 

68*966 

69*500 

0-71992 

2-5917 

Bromine 

Br' 

79’36 

79-96 i 

79*360 

79-960 

0-82830 

2-9818 

Cadmium 

Cd" 

111*60 

112-40' 

55*800 

56-200 

0*58220 

2-0957 

Calcium 

Ca- 

39-80 

40-10 

19*900 

20-050 

0-20769 

0-7477 

Chlorine 

cr 

35-^8 

35*45 

35-180 

35-450 

0*36721 

1-3220 

Chromium 

Ct" 

51*70 

52-10 1 

25-850 

26-050 

0-26984 

0-97*4 


Ci- 

I 51-70 

52-10 ' 

17-233 1 

17*367 

0-17989 

0-6476 

Cobalt 

Co" 

58- 5 & 

59-00 

29*280 

29-500 

0*30558 

I'lOOl 

Copper 

Cu’ 

63*10 

63-60 

63*100 

63*600 

0*65880 

2-3717 


Cu" 

63*10 

63-60 

3CSS0 

31-800 

0*32940 

1-1858 

Gold 

Au"* 

195*70 

197-20 

65-233 

65*733 

0*68090 

2-4513 

Hydrogen 

H* 

1*00 

I -008 

I -000 

1-008 

0*01044 

003759 

Iodine 

V 

1 25^90 

126-85 

125^900 

126-850 

1-31400 

4-7303 

Iron 

Fc" 

55-50 

55-90 

27-750 

27-950 

0*28952 

10423 


Fe- 

55-50 

55-90 

18-500 

18-633 

O-I9301 

O' 6949 

Lead 

Pb" 

205-35 

206-90 

102-675 

103-450 

1-07165 

3-8580 

Lithium 

Li- 

6*98 

7-03 

6*980 

7-030 

007282 

0-26215 

Magnesium 

Mg" 

24-18 

24-36 

, 12*^0 

12*180 

0-12626 

0*4545 

Manganese 

Mn" 

54-60 

55-00 

■ 27*300 

27-500 

0*28486 

ro255 


Mn- 

54-60 

55-00 

' i8*200 

18-330 

0-18991 

0*6837 

Mercury 

Hg- 

198-50 

200*00 

: 198*500 

200*000 

2*07170 

7-4580 

Molybdenum 

Hg" 

198*50 

200-00 

: 99*250 

100*000 

1-03590 

3-7291 

Mo" 

95*30 

96-00 

1 47*650 

48*000 

0 ’49721 

1-7900 

Nickel 

Ni" 

50*30 

58*70 

; 29*150 

29*350 

O' 30402 

1-0945 

Nitrogen 

N"' 

13-93 

14*04 

i 4-643 

4*68o 

0 ’048478 

0*17452 

Oxygen 

0" 

15-88 

16*00 

7*940 

8*000 

0 '08287 

0*29833 

Platinum 

Pf" 

193-30 

194*80 

' 48*325 

48*700 

O’ 50446 

i’8i6o 

Potassium 

K- 

38-86 

39*15 

38*860 

39*150 

0 ’405 50 

*•4598 

Silver 

Ag’ 

107*12 

107*93 

1 107*120 

10*793 

I'liSoo 

4*0248 

Sodium 

Na- 

22*88 

23*05 

j 22 *880 

23*050 

0*23876 

0*8596 

Strontium 

Sr- 

86*94 

87*80 

43*470 

43-900 

0 * 4537 * 

1-6333 

Tin 

Sn" 

118*10 

119*00 

59-050 

59*500 

0*61630 

2*2188 


Sn"" 

iiS'io 

119*00 

29-520 

29*750 

0*30817 

1*1094 

Tungsten 

W" 

182*60 

184*00 

91*300 

92*000 

0*95300 

3*4308 

Zinc 

Zn" 

64*90 

65-40 

32-450 

! 32' 700 

0-33873 

1-2194 

Zirconium 

Zr— 

89-90 

90' 60 

22*475 

1 22*650 

1 

0 ’23460 

0-8445 
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Experimental Proof of Faraday’s Laws. 

Take four beakers and place in them respectively a lo per - 
cent, solution of copper sulphate slightly acidified with sulphuric 
acid, a solution of cuprous dhloride in hydrochloric acid, a lo 
per cent, solution of nickel sulphate, and a solution of cadmium 
sulphate, with a few drops of sulphuric acid (see p. 282). 



Fig. I. 


Place the beakers in a row close together, and connect them 
together in the manner shown in Fig. i. The electrodes marked 
with the — sign are to be carefully weighed; for the rest, the 
arrangement of the apparatus explains itself. The anodes and 
cathodes may be made of sheet metal or of metal rods to which 
pieces of copper wire have been soldered, in order to connect them 
together. Electrolytic cells arranged as here shown are said to 
be connected up in series. Also place in series with the cells an 
g ammeter, so that the intensity of the 

O current may be noted, the strength 
of the current can be regulated by 
means of a resistance. Fig. 2 shows 
diagrammatically the arrangement 
of the battery, etc. b is the battery 
or source of current, a the ammeter, 
c the cells, and R the resistance. 

In carrying out the experiment, carefully weigh the cathodes, 
then regulate the current by means of the resistance to, say, o'5 
ampere, and note the time. After allowing the current to pass 
for one hour, taking care that its intensity remains constant, it is 
switched ofif. The cathodes are taken out, washed with distilled 
water and alcohol, dried in the steam oven and weighed. If the 
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experiment has been carefully performed, it will be found that the 
metals have increased in weight in the ratio of their hydrogen 
equivalents. The current passed should not exceed i ampere per 
square decimeter of cathode surface, otherwise unsatisfactory and 
badly adhering deposits may be obtained, which are difficult to 
weigh. It is not by any means an easy matter to obtain satis- 
factory results from cuprous solutions, as there is a tendency for 
the deposit to be powdery and not to adhere well. Of course, 
solutions of other metallic salts may be used instead of those here 
described. 

From what has been already stated, it follows that there is a 
definite relationship between the valency of an element and the 
electric charge which the ions carry. Thus the quantity of 
electricity necessary to deposit 63*6 grm, of copper from a 
cuprous solution is 96'54o coulombs, but double that quantity is 
required to deposit the same weight of the divalent copper from a 
cupric solution. Aluminium, which is trivalent, must have three 
times the above quantity of current in order to deposit 27 grm, 
of the metal. 96,540 coulombs of electricity will deposit 200 
grm. of mercury from a solution of a mercurous salt, but it 
requires twice that quantity of electricity to deposit 200 grm. of 
mercury from a mercuric salt. The same rule applies to the 
substances liberated at the anode — the current which will liberate 
I grm. of hydrogen will liberate 8 grm. of oxygen, and so on. 
It must be clearly understood that 96,540 coulombs of electricity 
deposit the ^am equivalent weighty and not the gram atomic weight. 
For example, the gram atomic weight of oxygen is 16, but as 
oxygen is divalent, the gram equivalent weight is 8. On the 
other hand, the gram atomic weight of silver is 107*93, but as 
silver is monovalent, the gram equivalent weight is also 107 *93. 



CHAPTER II. 

MEASUREMENT OF CURRENT, 

There are instruments for measuring the intensity or rate of 
flow of current in a circuit at any given time, and instruments to 
measure the quantity of current which has passed. Apparatus for 
measuring quantity of current will first be described. These 
generally depend upon the amount of gas which is evolved when 
an aqueous acid or alkaline solution is electrolysed for a given 
time, or upon the quantity of metal which is deposited from a 
given metallic solution. By Faraday’s Law, we know that a given 
current will deposit a given weight of copper in a given interval 
of time, and that, during the same time, the same current will 
liberate an equivalent quantity of oxygen and of hydrogen from 
an acidified solution of water. 

I’he apparatus employed for thus determining the quantity of 
current which has passed in a given time is generally called a 
voltameter. Seeing, however, that we have also instruments 
called voltmeters for measuring electrical potential, and bearing 
in mind that the instrument called a voltameter has absolutely 
nothing to do with volts, but registers the number of coulombs of 
electricity which have flowed through a circuit, entirely independent 
of the potential, we propose to call the instrument a eoulom- 
meter. The term voltameter was originally employed to honour 
Volta, but as his name is perpetuated in the volt, it will be doing 
no dishonour to him to drop the term voltameter — which is often, 
especially with beginners, confused with the voltmeter — and 
substitute the more correct term coulommeter. 
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The Coulommeter. 

Gas Coulommeter.— There are many forms of coulom- 
meter employed for measuring the quantity of electricity which has 
passed through a circuit in a given time. One of the oldest and 
best known is the oxygen and hydrogen coulommeter, in which 
the volume of oxygen and hydrogen liberated in a given time is 
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measured. There are two forms of this instrument — the detonat- 
ing gas apparatus, in which the two gases are collected together ; 
and the one in which they are collected separately. Fig, 3 shows 
a detonating gas coulommeter. It consists of two cylinders of 
sheet nickel, placed the one within the other, in a glass cylinder, the 
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distance between the sheets being about i cm. The glass cylinder 
is closed with a rubber stopper, through which passes a short tube 
to lead off the liberated gas. A piece of stout nickel wire is 
riveted on to each of the nickel sheets ; these wires are connected 
to a terminal fastened on then outside of the rubber stopper. The 
cylinder is nearly filled with a 15 per cent, solution of caustic 
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soda, which should be free from chlorides. There is also a tap 
funnel passing through the cork, which is used for filling in dis- 
tilled water, as it is decomposed by electrolysis. A piece of 
stout rubber tube is fastened over the outlet tube, by means 
• of which the issuing gas can be collected in a burette or other 
measuring vessel. When in use the two terminals are connected 
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with the opposite poles of the source of current. A current of 
I ampere passed for i minute liberates ro‘45 of explosive 
gas, measured at o° and 760 mm. pressure. In Fig. 4 a similar 
coulommeter for collecting the oxygen and hydrogen separately is 
shown. In it the nickel anode is> separated from the cathode 
by means of a porous cell. The electrolyte, as in the previous 
case, is r5 per cent, caustic soda. 

As arranged in Figs. 3 and 4, the quantity of gas which can 
be collected is limited by the size of the burette or measuring 
cylinder, and therefore the current can only be passed for a short 
time. The following arrangement, Fig. 5, may be employed 


B A 
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when it is desired to pass the current for some considerable 
length of time. The tube conducting the gas from the electro- 
lysing cell is connected to a tube, a, passing through a rubber 
stopper into a large bottle, e.^, a Winchester quart. The rubber 
stopper has a second hole, through which passes a tube, b, bent at 
right angles, and to which is connected a piece of rubber tubing 
which can be closed by means of a clip, c. This tube passes to 
the bottom of the bottle and acts as a siphon. Before commencing 
an experiment, the bottle is filled with water, the siphon being 
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also filled, but prevented from running by the dip c. The outer 
end of the siphon is placed in an empty cylinder. Before 
the electrolysis is started the clip is opened, when some water 
will siphon over ; but if the apparatus be air-tight it will at once 
cease running. This wateg should not be thrown away j on 
adjusting the levels of the water at the end of the experiment, 
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it will flow back to the gas reservoir. If, however, the water con- 
tinues to flow, this will be due to the apparatus not being air-tight, 
and this must be remedied before proceeding with the experiment. 

The electrolysis is now started. From the construction of the 
apparatus it follows that for every cubic centimeter of gas evolved 
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I c.c. of water will pass over into the cylinder. At the end of the 
operation the levels are adjusted, the clip closed, and the water 
poured into a measuring vessel. The volume of the gas is then 
reduced to normal teinperature and pressure. In i hour 626*40.0. 
of mixed hydrogen and oxygen is evolved at N.T.P., when a 
current of i ampere passes through the coulommeter, or 208*8 c.c. 
of oxygen and 417*6 c.c. of hydrogen. By employing two siphons 
the oxygen and hydrogen can be collected separately, the coulom- 
meter shown in Fig. 4 being then employed. 

Coulommeters with platinum electrodes containing as electro- 
lyte sulphuric or phosphoric acid are sometimes used. Generally 
speaking, they have a higher resistance, and the quantity of gas 
given off is slightly less than should theoretically be obtained, 
owing to the fact that part of the oxygen is given off as ozone. 
Neumann's explosion gas coulommeter is shown in Fig, 6. 

Weight Coulommeter. — For very exact measurements the 
silver coulommeter is generally employed, because there are very 
few possibilities of complication occuning in the deposition ‘of 
silver from its solutions. But this coulommeter can only be 
employed when extremely small currents are being used, because 
the silver haS a tendency to be deposited in a feathery and non- 
adherent form. Even with low 
currents silver is obtairied as a 
crystalline deposit from slightly 
acid or neutral solutions of silver 
nitrate, such solutions being 
generally employed in the silver 
coulommeter. The usual form 
of apparatus employed is shown 
in Fig. 7. It consists of a 
weighed platinum or silver basin ?• 

which serves as cathode and is partially filled with a 7 per cent, 
solution of silver nitrate, The anode of stout silver rod hangs in 
the upper portion of the solution, and is wrapped in a piece of thin 
calico to prevent the silver — which always becomes more or Jess 

c 
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disintegrated — from falling into the platinum basin. The calico 
should be carefully washed in hot water and then rinsed out in 
distilled water before being used. If it is desired to use a silver 
coulomraeter when high currents are being employed, the coulom- 
meter must be used on a shunt circuit (p. 24), through which only, 
say, 1 00th or 1000th of the current is allowed to pass. Or else it 
should only be kept in the circuit for a very short time, otherwise 
the amount of silver dissolved from the anode is considerable. 

Copper Coulommeter. — For general work the copper 
coulommeter is the most satisfactory. It is not quite so accurate 



as the silver instrument, but is generally quite exact enough for ordi- 
nay work, where it is not, as a rule, necessary to know to more than 
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about o‘25 of an ampere hour how much current has passed. Say, 
for example, that an operation required the passage of 20 ampere 
hours, a quarter of an ampere one way or the other would not be 
of any material importance. Fig. 8 shows a copper coulom meter. 
The cathode hangs in the centre of two anodes, so that an even 
current density is obtained on either side ] in the diagram only 
one electrode is seen. For preparation of solution see p. 282. 
In order to obtain a good deposit, and one which adheres firmly, 
it is not admissible to allow more than 1*25 amperes per square 
decimeter to pass through the apparatus. Where fairly high 
currents are being employed, a couloinmeter of several cells may 



be employed. Fig. 9 shows one consisting of three cells, the 
anodes and cathodes being connected up in parallel (p. 49) ; 
by this means three times the anode and cathode surface can 
be obtained, and therefore three times the current strength be 
employed as with a single cell of similar size. If a rapid current 
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of air or carbonic acid gas is passed through the coulommeter, 
or if the cathode is cylindrical and is rotated, then a very much 
higher current density can be employed per unit of surface. 

The coulommeter, although often indispensable, is at best a 
tiresome instrument to use, because it is necessary to dry and 
weigh the cathode plates. This is especially unpleasant when 
a more or less irregular current is passing, because, in order to 
know exactly the quantity of current which has passed, it is 
constantly necessary to stop the current, take out the coulom- 
meter cathodes, dry and weigh them. In order to avoid this 
dif&cuUy, the Reason Manufacturing 
Company of Brighton ^ manufacture 
a mercury coulommeter (Wright’s 
electrolytic metre) in which the 
mercury, as it is deposited on the 
cathode, falls into a graduated glass 
tube. Each gradation in most of 
the instruments made (the coulom- 
meters are generally made for electric 
light purposes) represents i Board 
of Trade unit (p. 29), but tliey can 
also be made to read in ampere 
hours. It is not possible to pass a 
heavy current through a solution of 
a mercury salt (in this apparatus 
mercurous nitrate) without the sur- 
face of the mercury becoming coated 
witli crystals of mercurous salt. 
Therefore these instruments are fitted 
with a shunt, so that only a definite fraction of the current passes 
through the mercury solution. 

Fig. 10 illustrates the construction and working of the meter. 

The current enters at the terminal d, and the greater part 
of it passes round the low resistance r to the terminal e. The 
shunt current, which works the coulommeter, and which is always 

^ Proc. Inst. Elect. Etfg., 1901, 31, p, 153, 
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an exact fraction of the total current, passes from n through the 
fine wire resistance p to the mercury anode a. 

Thence it goes through the electrolyte to the cathode 
c, and finally to the terminal e. The relations of 
p and R are calculated in the first instance, but 
the exact final adjustment is made by sliding the 
two wires L and M up or down in two holes drilled 
in E and d, thus varying the value of r. 

When a current is passing through the meter, 
metallic mercury is deposited on the cathode, 

NNhence h, fal\s m minute globules into the first 
graduated tube g, which reads (Tig. n) direct in 
units. This is made in the form of a siphon, so 
that when it is filled by a quantity of mercury equal 
to 100 units, it automatically empties itself into the 
lower tube, which is provided with a scale, s, each 
division of which is equal to loo units. The mercury as it is 
dissolved from the anode is simultaneously replaced by fresh 
metal drawn from the anode feeder f. This 
ingenious arrangement acts in the same manner 
as the well-known “ bird-fountain” in keeping 
the level of the mercury constant. 

After the number of units for which the 
coulommeter was designed have been regis- 
tered, the meter must be reset to zero. This 
is done by the simple operation of Lilting the 
whole tube about the hinged supporting 
brackets, so that all the mercury is returned 
to the anode feeder. 

Fig. 12 shows a complete coulommeter 
designed to read up to 250 Board of Trade 
units ; this has not the lower scale depicted 
in Fig. 11. For electro-chemical purposes it 
is more convenient to have the instrument 
graduated to read in ampere hours; and, 
for convenience of moving about, it may be fixed on to a stand. 
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INSTJ^mENTS FOR MEASURING INTENSITY AND 
POTENTIAL OF CURRENT, 

Ammeters. 

When a current passes through a wire spiral, a magnetic field 
is produced, which has the power of attracting a bar of soft iron. 
Measuring instruments called ammeters are made, based upon 
this property. (A spiral of wire through which the current passes 
is called a solenoid.) It is not within the scope of this book 
to describe the mechanism of the ammeter ; suffice it to say, the 
ammeter is an instrument which depends upon the property of a 
spiral of wire to become magnetic when the electric current flows 
through it. The intensity of the magnetic field is proportional 
to the amount of current which passes. 

Ammeters are arbitrarily graduated, the best instruments being 
extremely accurate. Fig. 15 illustrates an ammeter made by 
Messrs. Nalder Brothers & Thompson of London, reading from 
o to 50 amperes. These instruments can also be obtained 
having a range of 2 amperes, graduated in hundredths of an 
ampere ; and by means of a shunt, the range can be made 
to extend from 0 to 20 amperes in tenths. For analytical 
purposes it is very rarely that currents above 2 amperes arc 
required, therefore the lower range of readings can be employed 
for this purpose, so that instruments made on this shunt system 
are especially useful for reading very low currents. Such an 
ammeter must be connected with a two-way switch, the higher 
or lower reading being obtained by simply changing the direction 
of the switch. 
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The Weston instruments are also extremely good, and are 
very largely used. The case of the Nalder instrument is of brass ; 
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the Weston ammeter has usually an iron case, which guards it 
against outside magnetic influences. Nalder instruments can, 
however, be obtained with iron cases. Fig. 14 shows a Weston 
standard portable mih 
liammeter, which is of 
extreme accuracy, and 
is often employed for 
calibrating other instru- 
ments. In many in- 
struments, such as the 
Weston and Nalder am- 
meters, the whole of 
the main current does 
not pass through the 
instrument, but each 
instrument is provided with a resistance called a shunt ; in other 
words, the ammeter is placed in a shunt circuit (p. 24). The 
amount of current which passes through the instrument thus 
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depends upon the difference of potential between the two ends 
of the shunt. When the instruments are for taking small currents, 
the shunt is generally fitted inside the case of the ammeter, but 
on large station ammeters the shunt is fixed outside the instrument. 


INSTRUMENTS FOR MEASURING POTENTIAL. 

i 

Voltmeters. 

An ammeter is an instrument of very low internal resistance ; 
it can therefore be placed in the main circuit, its resistance being 
so low that it may, for most purposes, be neglected. A voltmeter 
is practically an ammeter, the coil of which is wound with a large 
number of turns of very thin wire, and has therefore a very high 
resistance of several hundreds or thousands of ohms. A volt- 
meter is therefore always used on a shunt circuit ; since, if it were 
placed in the main circuit, it would oppose so much resistance 
to the passage of the current, that practically no current would 
pass, and the instrument would probably be burnt out. 


Shunt Circuit. — If part of a circuit branches, as shown in 
Fig, 15, the current has a choice of two paths, A and u. When 

the two wires arc of equal resist- 

y > ance, then ^ of the current flows 
; — ^ ^ along each wire. But suppose 

^5- the resistance of a to be i ohm. 

and that of u to be 10 ohms., then only ^ of the current will pass 
B, the Temamlng, passing, thTOu^h k. 

Now, a voltmeter is of such high resistance that the amount 
of current which passes through it is inappre- 
ciable; in fact, the higher the resistance of 
the instrument the better, otherwise an appre- 
ciable quantity of the current would take this 
path. Fig. 16 shows the method in which a 
voltmeter is connected up. The bulk of the 
current passes along the main conductors, and only a minute 
fraction of the current passes through the shunt circuit. If the 
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total resistance of the main circuit is 2 ohms, and the resistance 
of the voltmeter looo ohms, 
then ^ of the current will 
pass through the shunt cir- 
cuit. 

An ammeter is often 
kept in the circuit during 
the whole time the current 
is passing ; it is not so usual 
to keep the voltmeter in cir^ 
cuit, because there is a ten- 
dency for the instrument to 
heat, and this, of course, 
affects its accuracy. Fig. 17 
shows a voltmeter; the in- 
strument has a double read- 
ing, on the low side reading from o to 3 volts in tenths, and on 
the high reading from 0 to 30 in half yolts. 

Employment of Voltmeter to Measure 
Current, 

Voltmeters can be used to measure current intensity as well 
as to measure electrical potential. According to Ohm’s Law 
(p. 71), if we know the resistance R and the potential E of a 
circuit, we can calculate the current flowing through it by the 



All that it is necessary to do is to shunt into the main circuit 
a known resistance. If, for example, a resistance of ^ ohm is 
shunted into the circuit, then every volt registered on the instru- 
ment represents a reading of 10 amperes, and a reading of ^ of a 
volt represents i ampere. 
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With a resistance of of an ohm, a reading of i volt represents 
100 amperes. Whereas if the resistance employed is i ohm, 
every volt represents i ampere* The employment of a voltmeter 
for reading current in this way is often very useful in measuring 
heavy currents. The arrangement of the circuit is represented in 
Fig. i8. V is the voltmeter, which is connected on either side of 
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the known resistance. Of course, in this method a resistance is 
placed in the main circuit, but as only very low resistances are 
employed, this is a matter of very little importance. This method 
is simply the principle adopted in the Weston and other ammeters, 
only in these instruments the resistance is usually enclosed in the 
case of the instrument. 



CHAPTER IV. 


ENERGY. 

So far we have dealt only with the measurements of quantity 
of electricity, and of electrical potential separately. But the 
energy given out by a dynamo or battery, or used up in an 
electrolytic process, is not shown by merely reading the current 
on an ammeter, or the volts registered on a voltmeter — electrical 
energy is the product of the current and potential. 

An ampere may be defined as the rate, of fiow of electricity through 
any cross section of a conductor when there is a diffeirnce of potential 
in the ciraiit of i volt, and the resistance is i ohm. Or, more 
gemrally, an ampere is the rate of flow of electricity through a con- 
ductor when the ratio between the potential and the resistance is one. 

A coulomb, as has been already stated (p. 7), is the quantity 
of electricity which passes through a circuit in i second, when the 
current intensity is i ampere. The unit of electrical energy taken 
is therefore the volt-coulomb. 

There is a tendency, on the part of beginners, to look upon 
the ampere as being a quantity of electricity : this is a mistake ; 
the coulomb is a quantity, and is the amount of electricity which 
passes through a circuit in i second, when the current intensity or 
rate of the flow of the current is i ampere. An ampere is no 
more a quantity than rate of flow of water is a quantity. We may 
say that if water continue to flow through a pipe of certain cross 
section at the speed of i metre per second in a given time, 10 
litres (which is a quantity) of water will have passed a certain 
point. If the pressure, which governs the rate of flow of the 
water, is increased, as registered on a pressure gauge, then the 
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rate of flow of the water will be increased, and therefore a larger 
volume will pass in a given time. In a similar manner, if the 
voltage of a current is increased, the current will flow more 
rapidly, and therefore the ammeter measuring rate of flow will 
show a higher reading. The voltmeter may therefore be compared 
to a pressure gauge, and the ammeter to an instrument for measur- 
ing speed of flow of a liquid. 

The quantity of water which will flow in a given time may also 
be increased by keeping the pressure constant, but increasing the 
cross section of the pipe through which it is flowing, i.e. decreas- 
ing the resistance. In a similar way we can increase the flow 
of electricity through a circuit by decreasing the resistance, the 
voltage remaining constant. 

It has been found experimentally, by careful measurement in 
a calorimeter, that, when a coulomb of electricity passes through 
a circuit in which the drop in potential is i volt, o' 23 94 calorie is 
generated.^ This number we may call the electrical equiva” 
lent of heat, and it follows that 4*175 volt-coulombs will generate 
I cal. It has also been proved experimentally, that when i grm. 
falls through a space of 42,350 centimeters, it may be made by 
friction to generate the calorie of heat, />, to generate enough heat 
to raise i grm. of water from to 1° C. This number is called 
the mechanical equivalent of heat. From the above numbers 
we find that i volt-coulomb expressed in terms of the mechanical 
equivalent of heat = 10144 grm. cm. (gravitation units). 

In referring to work done, or to the energy capacity of a 
dynamo or other electrical machine, the electrical unit chosen 
is the volt-ampere-second ; this unit is called the watt. This is 
equivalent to saying that i coulomb passes in i second at a 
pressure of i volt. The watt itself is not often employed, because 
it is such an extremely small quantity of electricity. The kilo- 
watt, which is 1000 watts, is the unit most generally adopted. 
From the kilowatt the horse-power can he calculated. In English 

* In round numbers, this may be taken as 0-24 cal. In other M'ords, when 
0*2394 calorie is converted into electrical energy I coulomb of electricity is 
generated. 
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weights a horse-power is defined as the amount of work necessary 
to raise 33,000 lbs. through the space of i foot in i minute. 
Expressed in metric units, a horse-power is the amount of work 
expended in raising 75 kilograms through the space of i meter in 


I second. Now, a watt is equal to — second-kilogrammeters, 
therefore i kilowatt is one thousand times this, or — 


1000 X ^7^ = ioi'93 kilogrammeters 

But as I horse-power is 75 kilogrammeters, it follows that i 
kilowatt is equal to 1*36 horse-power. 


I kw. 


^1-93 

75 


i’36 H.P. 


Board of Trade Unit. — The electrical unit for power and 
lighting purposes used in this country is called the Board of Trade 
unit, and is the kilowatt hour, which is equal to 1000 volt-ampere 
hours. Thus if a current of 10 amperes be maintained at a 
potential difference of 50 volts, in a circuit for 2 hours, then i 
kilowatt of energy will have been used up. 


Calculation of Decomposition Voltage from 
Thermo=chemical Data. 

When two elements combine together, the energy involved 
in the change makes itself evident in the form of heat. Now, 
according to the law of the conservation of energy, if a given 
amount of energy is required to bring about a chemical change, 
the chemical reaction can only be reversed by application of the 
same amount of energy again. In order to bring about a reversal 
of the change, it is not, however, necessary for the energy to be 
applied in the same form as that originally used. Thus, for 
example, most chemical changes take place through the addition 
or absorption of heat; these changes can be reversed by the 
application of an equivalent addition of electrical energy. If, 
therefore, we know the heat of combination of a substance, it 
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is easy to calculate the voltage which is necessary to decompose 
or electrolyse the substance. For example, the heat of combina- 
tion of sodium and chlorine is 97,300 calories. On p. 28 we 
found that one volt-coulomb of electricity generates 0*24 calorie, 
therefore the number of volt-coulombs which corresponds to 
97,300 calories is— 


9 7i3oo 

0'24 


405,417 volt-coulombs 


Now, according to “Faraday’s Law” (p. 7), 96,540 coulombs 
of electricity, i.e. one faraday, is necessary to decompose the gram- 
molecule of a substance. If, therefore, we divide this into the 
number just obtained, we obtain the decomposition voltage of 
sodium chloride as — 


405417 

96,540 


= 4 '182 volts 


Or take the case of potassium bromide— 


K -h Br = KBr + 95,300 cals. 


From this we obtain the number of volt-coulombs corresponding 
to the calories, as — 


95^300 

0*24 


= 397,083 volt-coulombs 


and the decomposition voltage as — 
397>o83 


96,540 


= 3-193 volts 


As a further example, zinc chloride may be taken ; the thermo- 
chemical equation is — 

Zn -f 2CI = ZnCla -{- 97,200 cals 
The volt-coulombs requisite are, therefore— 


97,200 

0'24 


405,000 volt-coulombs 


and the decomposition voltage- 
405»ooQ 

96,540 


= 4*099 volts 
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The decomposition voltages here given must be employed in order 
to decompose the several substances. But it will generally be 
found necessary in actual practice to employ slightly higher 
voltages, owing to the resistance of the bath, the distance of the 
electrodes apart, and other mechanical causes which invariably 
arise. 

The electrolysis of aqueous solutions is slightly different. Here 
we are dealing with substances which are ionised, and these ions 
carry the current; the mere fact of the passage of the current, 
therefore, takes place without expenditure of energy. Work is 
only done at the electrode when the electrical charge is neu- 
tralised, and the work done is in neutralising the polarisation 
current, which exerts an electro-motive force in the reverse 
direction to the primary current which is being passed. Le 
Blanc^ found that with platinum electrodes the electromotive 
force of polarisation is independent of the nature of the electro- 
lyte, when the substance which separates at the electrode is the 
same. Thus the values for E with all oxygen acids and bases 
is the same, viz. about 170 volts. 

Certain differences, however, are noticed with acids in which 
the products of electrolysis are not the same. For example, with 
the halogen acids the tensions obtained for normal solutions are— 

Volts. • 

HCl rsi 

HBr 0*94 

HI 052 

The reason that these acids show a lower value for E is traceable 
to the simultaneous separation of hydrogen and oxygen at the 
electrodes, along with the halogen. As the dilution of hydrochloric 
acid increases, more and more oxygen is liberated in comparison 
with the halogen, and consequently the polarisation tension, i,e. the 

value of E, rises, so that at — solution the value for E is i ’6g. 

22 

Appended is a table of some of the best-known acids and 
bases with the values for E, which have been experimentally 
found. 

‘ Zeii. PAys. Chm.^ 1891, 8. p. 299 ; 1892, 12 . p. 333. 
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TABLE II. 


Sulphuric acid 1*67 

Nitric acid I'hg 

Hydrochloric acid rdg 

Phosphoric acid i'70 

Monochloroacetic acid 172 

Dichloroacetic acid r66 

Malonic acid 1 '69 

Perchloric acid r65 

iUASES. 

VolLs. 

Sodium hydrate 1*69 

Potassium hydrate 1*67 

Ammonium hydrate 174 

N 

Methylauiine - 175 

4 

N 

Diethylamine 1*68 


The decomposition values of the salts of various metals are 
different for each metal. But the values for sulphates and nitrates 
of the same metal are very nearly equal The decomposition 
values for the salts of the strongly ionised acids have nearly the 
same value— viz. about 2*20 volts. 


TABLE III. 

Volts. 


Sodium nitrate 2‘i5 

Potassium nitrate 2' 17 

Strontium nitrate 2*28 

Calcium nitrate 2' H 

Barium nitrate 2*25 

Sodium sulphate 2*21 

Potassium sulphate 2'20 


With the halogen acids the numbers are slightly lower. 

TABLE IV. 


Volts. 

Sodium chloride r98 

Potassium chloride 

Lithium chloride . i'86 

Calcium chloride 1*89 

Strontium chloride 2‘oi 

Sodium bromide 1*58 

Potasaum bromide I’bi 

Sodium iodide 1*12 

Potassium iodide 1*14 
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The next table shows the decomposition voltage of a few 
substances in which the metal is deposited at the cathode. 

TABLE V. 

Volts. 


Zinc sulphate 2’35 

Zinc bromide rSo 

Nickel sulphate . 2*09 

Nickel chloride 1-85 

Lead nitrate . , . . . . - I 52 

Silver nitrate o' 70 

Cadmium sulphate . . . 2 ’03 

Cadmium nitrate rg8 

Cadmium chloride . r88 

Cobalt sulphate , . , . , i‘gz 

Cobalt chloride ryS 


It will be noticed that salts of the same metal with different 
acids give slightly different decomposition voltages. This fact 
may be made use of in separating the metals from each other by 
gradation of potential, although its application is very limited. 
For further information on the subject the student should study 
the original literature or text-books upon the physical side of 
electro-chemistry. For' example, that of Le Blanc, Arrhenius, 
Lehfeldt, H. Jones, or the works of Ostwald, 



CHAPTER V. 


SOURCES OF CURRENT. 

There arc practically only two sources from which current is 
obtained for elcctro-chemical work, the dynamo and secondary 
batteries or accumulators. The use of primary cells, except in 
cases where only a small and intermittent current is required, has 
been almost discontinued, partly because of the trouble required 
to charge and recharge them, and also because of their incon- 
stancy. Considering the inconvenience of primary cells, one is 
really astonished at the amount of important pioneering work in 
connection with electro-chemistry which Davy, Bunsen, and others 
carried out with their aid. As, however, a knowledge of the 
theory of the primary battery is of great use in understanding the 
mechanism of the secondary battery, and because for certain pur- 
poses they arc still of great practical importance, a few of the 
principal cells will be described here. 

Introduction. 

If a \ivece of 7Anc, is \)laced iuto a solutiow of copper sulphate, 
the zinc gradually goes into solution as zinc sulphate, and copper 
is deposited out. We have here a chemical change taking place, 
and the progress of the change is accompanied by the evolution 
of heat. 

Now, suppose that a rod of zinc is placed in a porous cell filled 
with zinc sulphate solution, and this porous cell is put into a 
beaker containing a solution of copper sulphate in which is also 
placed a rod of copper. It is obvious that neither the zinc nor 
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the copper will pass into solution. But connect the zinc to the 
copper by means of a piece of wire, and it is found that the zinc 
commences to dissolve, and that for every equivalent of zinc 
which passes into solution an equivalent of copper is plated out 
upon the copper rod. But this is not all ; if now a galvanometer 
is brought near to the wjre which connects the zinc to the copper, 
the needle of the galvanometer becomes deflected— showing that 
there is an electric current flowing through the wire. 

Here we have chemical energy being transformed into 
electrical energy. In the first example, in which zinc was placed 
into a solution of copper sulphate, the chemical energy made itself 
manifest in the form of heat. In the second case the chemical 
energy i.s transformed into electrical energy. 

Now, because the zinc passes into solution and the copper 
becomes deposited out, we say that the current passes in the outer 
circuit, i. e. through the connecting wire, from the copper to the zinc, 
and through the solution from the zinc to the copper. The zinc is 
therefore called the negative pole and the copper the positive 
pole, but the zinc is said to be electro-positive to the copper. The 
plate which goes into solution and is electro-positive to the other 
metal forms the negative pole in the extei nal circuit, d’hus one 
often refers to the zinc or negative pole, because the zinc is 
electro-positive to the other metals. 


Positive and NegativCt Relative Terms. 

It must, however, be distinctly understood that the terms 
positive arvd rve^atlve we poteVy rotative. By tivo con- 

ditions we can cause the metal which before was negative to 
become positive, A very good example of this is found in a 
cell in which the opposite plates are copper and aluminium, both 
metals being in the same electrolyte. 

I, In the first place, caustic soda is employed as the electro- 
lyte, the aluminium will go into solution, but the copper will 
not: the aluminium is therefore electro-positive to the copper, 
ond the current passes in the external circuit from the copper 
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to the aluminium, in the solution from the aluminium to the 
copper. 

2. Secondly, use nitric acid as the electrolyte; the copper 
will now go into solution, but the nitric acid has practically no 
action upon the aluminium, therefore now the aluminium is electro- 
negative to the copper, and the current passes in the external 
circuit from the aluminium to the copper, and through the 
electrolyte from the copper to the aluminium. 

3. Finally, an example might he given of a cell in which the 
poles are of the same metal, yet one is negative and the other 
positive. Such a cell can be made with two aluminium plates, 
separated from each other by means of a porous diaphragm. The 
one plate immersed in strong nitric acid, and the other in a 
solution of caustic potash. Under these conditions, the aluminium 
plate in contact with the caustic potash will pass into solution, 
but that immersed in the nitric acid will be unacted upon. We 
therefore have the aluminium plate, which is standing in caustic 
potash, electro-positive to the plate surrounded with the nitric acid. 
Consequently the current passes in the outer circuit from the 
aluminium immersed in nitric acid to the rod standing in the 
caustic soda. 

From these examples it is obvious that the terms negative and 
positive are relative, and that when we say one metal is electro- 
negative to another, it must be remembered that under certain 
conditions the order of sign may be reversed, fn fact, it is simply 
a question of chemical action taking place. If we have two 
metals, A and B, and a given solution, the question whether A is 
electro-negative or electro-positive will depend whether A or B is 
acted upon by the solution. If, for example, A is dissolved by 
the solution, but B is unacted upon by it, then A will be electro- 
positive to be B, and vice versa. Platinum and carbon are electro- 
negative to other metals because they are not acted upon by 
solvents. 

In the following table the metals are arranged in their order 
of sign when placed in various solutions, the most electro-positive 
being placed at the head of the column, It will be noticed that 
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in all the solutions zinc is electro-positive to all the other metals; 
from this it follows that zinc will replace all other metals, itself 
going into solution and the other metals being precipitated out. 
The other metals, however, are not always in the same order. 
Lead, for example, woul{^ replace tin from nitric acid solutions, 
but from solutions in sulphuric acid tin would replace lead. In a 
solution acidified with sulphuric acid, nickel would replace copper, 
but from alkaline solutions copper would replace nickel. 


TABLE VI. 


Dilute nitric \ 

acid. i 

1 

Dilute sulphuric 
acid, 

1 

AtnmoDium 
j chloride solution. 

1 Sodium chloride i 
! solution, 

i Potassium 

hydroxide 
i solution. 

4- Zinc 1 

-f Zinc 

-|-Zinc 

-fZinc ! 

•pZinc 

Lead I 

Iron 

Lead 

i Lead 1 

Tin 

Tin 

Tin 

: Tin 

Tm 

Antimony 

Iron 

Lead 

I Iron 

Iron 

Lead 

Nickel 1 

Aluminium 

1 Bismuth 

Antimony 

Bismuth 

Bismuth 

Nickel 

Antimony 

Bismuth 

Iron 

Antiniony 

Antimony 

' Silver 

i Copper i 

Copper 

Copper 

Bismuth 

Mercury 

Silver ' 

Nickel 

- Silver 

Copper 

Carbon 

— Platinum 

— Silver 

— 

' - Silver 

'—Platinum 

_ i 

— 


Potential and Polarisation, 

The electro-motive force (E.M.F.) or potential of a cell is 
dependent upon the heat of solution of the electro-positive metal 
in the solvent which forms the electrolyte. Theoretically, there- 
fore, the potential of the cell should remain constant until the 
whole of the metal has gone into solution. 

Practically, for several reasons, this is not the case. In the 
first place, the concentration of the electrolyte is continually 
varying. As the metal passes into solution, the strength of the 
electrolyte decreases ; therefore solution of the metal is retarded, 
and, as a consequence, the number of calories given out in a 
given time is less, and the E.M.F. therefore falls— the cell becomes 
polarised. In the second place, in a great many cells gas is given 
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off at the poles when they are in use, and this gas produces gaseous 
polarisation. An example will serve to make this clearer. 

When a plate of zinc and a plate of copper are immersed 
together in a beaker of dilute sulphuric acid, and are con- 
nected together by means of a piece of copper wire, an electric 
current passes through the wire from the copper to the zinc. But 
after a sliort time it is found that the current becomes weaker and 
weaker, and finally may be hardly perceptible. This weakening 
of the current is due to polariBation. In order that a complete 
cycle may be made by the current, it must not only pass along 
the wire from the copper to the zinc, but must also pass through 
the solution from the zinc to the copper. Now, when the electric 
current passes through the electrolyte, decomposition of the water 
takes place, and oxygen and hydrogen are liberated. In the case 
under consideration, the oxygen being liberated at the surface of 
the zinc, oxidises it to zinc oxide, but this immediately dissolves in 
the dilute sulphuric acid with formation of zinc sulphate, therefore 
the surface of the zinc always has a clean metallic appearance. 
At the same time the hydrogen is yielded up on the surface of the 
copper ; this element, however, is unable to form a compound with 
the copper, but produces a thin coating of gas upon the surface of 
the metal. The dilute sulphuric acid is now no longer able to come 
in direct contact with the copper, and a resistance is thus opposed 
to the passage of the current ; furthermore, wc may suppose that 
there is a tendency for the hydrogen, as it is liberated, to reduce 
the zinc sulphate with reformation of zinc and sulphuric acid. 

ZnSO^Aq + 2H = Zn + H,SO,Aq - 2485KI 
This reaction is contrary to the primary reaction which is the 
solution of the zinc in the sulphuric acid. In other words, 
the electric current is proportional to the heat produced by the 
exothermic reaction — 

Zn -|- H^SOjAq = ZnS04Aq + 2H -f 2485K 

^ The symbol K represents Ostwald’s calorie, which is one hundred 
limes greater than the small calorie (cal.), and ten times less than the large 
calorie (Cal). We have thus— 

I Cal. = 10 K. = 1000 cal. 
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that is, the heat of solution of the zinc in sulphuric acid, but by 
the reduction of the zinc sulphate to zinc and sulphuric acid we 
have an endothermic reaction ; therefore the one will neutralise 
the other.. 

The polarisation effects are said to produce a back electro- 
motive force. The back E.M.F,, acting in a reverse direction to 
the primary E.M.F., neutralises part of the primary potential, and 
thus the voltage of the cell falls. If, for example, the potential of 
a cell when it is first made up is i'3 volts, and after a short time, 
owing to polarisation, a back E.M.F of i volt is set up, then the 
potential of the cell falls to o'3 volt, and the current, of course, 
falls at the same time. 

In all primary eells which are in any way satisfactory, depo- 
larisers are used to prevent, or, at any rate, retard, polarisation. 
Either an oxidising agent is used as a de polar iser, its function 
being to oxidise the hydrogen with formation of water; or the 
positive pole may be placed in a solution from which there is 
plated out the metal of which the positive pole consists ; in this 
case there is no formation of gas, and the depola riser may be said 
to be metallic. 

Even although depolarisers are employed to keep the cells as 
constant as possible, no primary cell can be termed constant; 
therefore they cannot be used as standards of potential. 


Standard Cell. 

The cell which is generally used for a standard was devised by 
Latimer Clark in 1872.^ it consists of an amalgam of pure zinc 
and pure mercury, covered with mercurous sulphate and a saturated 
solution of zinc sulphate. 

- (Zn - ZnSO, - Hg^SO, - Hg) -h 

The form of cell devised by Lord Rayleigh‘S is shown in 


* Vroc, Roy. Soc..^ xx., 444, 

® Phil, Tram. Roy, Soc., xvii. 411 (Purt II., 1884). 
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Fig. 19 ; this cell, known as Lord Rayleigh’s H form, is constructed 
as follows : — 

One of the legs is filled to about one*fifth of its height with 
an amalgam of zinc, a, formed by placing pure zinc into pure 
mercury which has previously been distilled in vacuum ; the other 
leg with pure mercury, n, and is covered with a layer of mercurous 
sulphate, c ; the whole is then filled up above the level of the 



cross tube with a pure saturated solution of zinc sulphate, dd, 
crystals of zinc sulphate being added to ensure the solution always 
being saturated. The two tubes are then closed by paraffined 
corks in order to prevent evaporation. Electrical contact is made 
by means of the two platinum wires fused through the two legs of 
the H tube. 

Fig. 20 shows the Board of Trade form of Clark’s cell 

The chemical energy of the Clark cell is represented by the 
following equation. 

Zn + HgaSOi^nr^ZnSO^ + 2Hg. 

When read from left to right, the equation represents the 
discharge of the cell ; when read in the opposite direction the 
charging of the cell. 

The E.M.F. of the Clark cell at 15^ is 1-4328 volt. 

The constancy of the Clark element is due to having always a 
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saturated solution of the electrolyte present; there is no possi- 
bility of gassing, because the electro-positive metal goes into 
solution, and the electro-negative metal is deposited out. 

There is, however, one source of inconstancy in the Clark cell, 
and that is the variation of potential produced by changes in 
temperature. Thus — 

At 15° the E.M.F. is i’4328 volt. 

» so'" „ „ „ 1-4267 „ 

» 3°*" » n » 1*4134 » 

The temperature co-efficient for each degree above 15° is o’ooii 
volt. 


Weston Cadmium Cell, 

The Weston cell in which we have 

- (Cd - CdSO, - Hg,S04 ~ Hg) + 
is made on the same system as the Clark cell, but it has one great 
advantage over it in having an extremely low temperature coefficient. 
Fig. 21 shows the cell diagrammatically, as described by Dr. 
Henderson, without the need of further explanation. 



The formula representing the chemical energy of the Weston 
cell is shown in the following equation 1 — 

Cd -f Hg,S04~ltCdS04 -1- 2Hg 
The E.M.F. of the Weston cell is 1*019 volts, and this is practically 
the same for ail temperatures. The Weston cell is now largely 
superseding the Clark cell as a standard for measuring potenti|l. 
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It must be remembered that neither the Clark nor the Weston 
cell can be employed for obtaining current, the amount of current 
generated being infinitesimal. 


PRIMARY CELLS. 

The Daniell Cell. 

One of the most simple and at the same time efficient of 
primary batteries is the Daniell cell. Fig. 22 shows the cell 
diagramniatically in its simpleSst form. It consists of an amalga- 
mated zinc rod in dilute sulphuric acid or a solution of zinc sulphate, 
and a copper rod in a 'saturated 
solution of copper sulphate. The 
two solutions are separated from 
each other by means of a porous 
partition. 

'Fhe zinc rod is the negative 
pole, and the copper rod the posi- 
tive pole. On connecting the two 
poles together by means of a piece 
of wire a current flows through 
the wire from the copper to the 
zinc plate, and through the solu- 
tion from the zinc to the copper 
plate. When the current passes, 
owing to the zinc having a greater 
tendency than the copper to pass 
into solution and form a compound with the electrolyte, the zinc 
dissolves and the copper becomes plated out from the copper 
sulphate solution upon the copper rod or plate. The action 
may be represented by the following equation 

Zn + 2H‘ S0"4 = Zn- SO'4 + sH* 

The hydrogen is not liberated as gas, but while in the ionic state 
passes with the current to the copper sulphate solution, where it 
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interchanges with the Cu of the CuSOi with reformation of 
sulphuric acid and deposition of non-ionised copper. 

2H- + Cu- SO;'= 2H' SO", + Cu 

It is obvious that after the current has passed for some time 
all the copper will become plated out, when of course the cell will 
cease to work. In order to avoid this, in the modern forms of 
the cell, provision is made for keeping the concentration of the 
copper sulphate constant. Fig. 23 shows in section the form of 
cell now generally employed. It 
consists of a cylindrical copper 
vessel, A, which acts as the 
pole ; this is filled with the solution 
of copper sulphate, and has stand- 
ing in it a porous earthenware 
cylinder, b, which contains the 
dilute sulphuric acid and the zinc 
rod. Running round the top of 
the inside of the copper vessel 
there is a perforated tray of 
copper; this is kept filled with 
crystallised copper sulphate, which 
goes into solution as the copper is 
deposited from the copper sul- 
phate. 

In this cell we really have the non-ionised zinc exchanging 
with the ionised CuSO,. That is, the zinc takes on an electric 
charge, and the copper becomes electrically neutral. The chemical 
action thus resolves itself into an exchange of ions, and the 
equation might therefore be written— 

Zn + GuSO, = ZnSO, + Cu. 

The depblariser in the Daniell cell is a metallic one. In 
the first place, the zinc cannot polarise, because it goes into solution. 
There is no polarisation at the copper, because the hydrogen never 
assumes the non-ionised state, but simply changes place with the 



Fig. 23. 
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copper of the copper sulphate, which becomes plated upon the 
copper of the + pole. 

The E.M.F. of the Daniell cell varies from 1*178 volts, when 
I part by volume of sulphuric acid to 12 parts by volume of water 
is employed, to 1*07 when a concentrated solution of zinc sulphate 
is used. 


Bunsen Cell. 

The Bunsen cell, as shown in Fig. 24, consists of a glass vessel 
nearly filled with dilute sulphuric acid (i vol. acid, 2 vols. water), 
and containing a zinc plate, a, which 
I amalgamated with mercury to 


minimise the local action of the sul- 
phuric acid. The zinc plate is bent 
in the form of a cylinder, and sur- 
rounds a porous cell containing 
concentrated nitric acid ; the porous 
cell c contains the positive pole b, 
which is made of gas carbon or of 
graphite. 

In preparing this cell, the carbon 
should be heated, and should then 
have about an inch of one end 
dipped in melted paraffin ; because 
if this is not done, after being used for some time, the nitric 
acid gradually creeps up the carbon and corrodes the brass 
binding-screws. The zinc should be well amalgamated by rubbing 
it with dilute sulphuric acid and mercury ; this can be done by 
means of a stick with a piece of cloth tied on the end. Finally, 
the porous cell should be soaked for about twenty minutes in 
dilute sulphuric acid before being used. 

In this battery the depolariser is the nitric acid which oxidises 
the hydrogen. Hence, the longer the cell remains in operation 
the weaker the nitric acid becomes, from the reducing action 
of the hydrogen. Therefore its efficiency becomes less, and after 
thej^battery has been in use for some time, the current becomes 



Fig. 24. 
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much weaker. The fuming of the nitric acid owing to the 
formation of nitrogen peroxide is another great objection to this 
form of the Bunsen cell. The following equations represent the 
reactions which take place* 

Zn + H2SO4 = ZnSO^ + 2H 
2H + 2HN03=:2N02+2H20 
2 H -f HNO' = HNO2 + H2O 

The E.M.F. of the Bunsen cell, when in good working order, 
is from i'8 to i‘86 volts. 

Chromic Acid Cell. 

The chromic acid cell is really a modification of the Bunsen cell; 
it contains a solution of sulphuric acid with sodium or potassium 
dichromate as dcpolariser. The negative pole is of amalgamated 
zinc, and the positive pole of retort carbon. The solution employed 
is the same for both poles, therefore there is no necessity for 
separating them by means of a porons cell, consequently the 
internal resistance of the cell is less 
than that of the one just described. 

The solution employed may consist of 
200 grm. sodium dichromate dissolved 
in I litre of water, to which is then 
added 150 c.c. of concentrated sulphuric 
acid. Or, if potassium dichromate is 
employed, dissolve 105 grms. in i litre 
of water and add 1 10 c.c. of concentrated 
sulphuric acid. 

The most convenient form of this 
battery is illustrated in Fig. 25. It con- 
sists of a thick glass flask containing the 
solution ; two carbon plates which serve 
as the positive pole dip into the solu- 
tion ; the negative pole, consisting of an amalgamated zinc plate, 
is placed between the carbons. When not in use, the zinc plate 
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can be drawn up, and this prevents its being corroded away. The 
reaction which takes place may be represented by the following 
equations : — 

3Zn + 3H2SO4 = 3ZnS04 + 6H 
I. Na^Cr^Or + HSO, + H^O = aH^CrO^ + Na^SO 

II. aHaCrOj + 611 + 3 I-I 2 SO 4 = Cr^ (SO,), + SH^O 

III. Cr^ (SO4):, + Na^SO; -f 24H2O = 2[NaCr(S04)2,i2H20] 

When sodium dichromate is used as shown in the above equations, 
very little of the sodium chrome alum crystallises out, owing to 
its solubility, but when potassium dichromate is employed the 
cry.stals of potassium chrome alum often cause the carbon plates to 
disintegrate, when the battery is left out of use for some time. It 
is also better to use the sodium dichroinate for another reason, viz. 
because weight for weight the sodium salt yields a larger amount 
of Cr04. 


Leclanche Cell. 

'Fhe Leclanchc cell is very largely used in telegraphy, and for 
other purposes, such as electric bells, where the current is only 
required intermittently. It consists of a negative zinc pole and a 
positive carbon pole; the electrolyte is ammonium chloride, and 
the depolariser manganese dioxide. 

The carbon pole a, which is made of gas carbon, is placed in 
a porous cell and surrounded with a mixture of granular manganese 
dioxide and broken gas carbon. The top of the cell is generally 
closed in with a coating of pitch, through which passes a glass tube 
to allow ingress of air and egress of gases. The outer cylinder, 
which contains the negative pole— a zinc rod, b — is of glass, and 
contains a concentrated solution of ammonium chloride. 

A very usual form of the cell is shown in Fig. 26. The 
chemical reactions which take place in the cell are perhaps rather 
complicated, but the equations below probably give a fair idea of 
what occurs. 
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(i.) Zn + 2H2O = Zn (0H)2 + zH 

(2.) 2H + 2Mn02 = Mn203 + HgO 

(3.) Zn (OH)^ + 2 NHiCI = Zna, 2NH3 4 * 2H,0 
When the cell is working there is always a smell of ammonia 
produced, so that probably the following reaction also bikes 
place — 

(i.) Zn + 2NH4CI = ZnClo + 2NH, 

(2.) 2NH4 + 2Mn02 = MnA + 2NH3 + H^O 

Probably only a very small portion of the ammonia showm in 
the last equation will be evolved in the free slate, the major 
portion combining with the zinc 
chloride to produce the double 
salt (ZnCl2,2NH3). 

The E.M.F, of the T^eclanche 
cell lies between I’q and i‘6 volts, 
and is generally, after being in use 
for some time, about 1*28 to 1*3 
volts. The internal resistance of 
different cells varies widely, in 
some cases being as low as 0*4 of 
an ohm, while in others it may be 
several ohms. When the cell is 
in constant use, it rapidly loses 

’ ^ ^ Fjg. 26. 

strength through the reduction of 

the manganese dioxide and consequent polarisation. But if left 
for some time unused, it gradually returns to its original condition, 
owing to the oxidation of the manganese sesquioxide back to 
manganese dioxide again. 

+ 0 = 2Mn02 

Cupron Element 

The cupron element, or Lalande cell, consists of a positive pole 
made of a plate of compressed cupric oxide, which hangs 
between two amalgamated zinc plates, b, b, in a solution of caustic 
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potash or soda, as shown in Figs. 27, 28. The cupric oxide acts 
as the depolariser, and as soon as this becomes reduced, the cell 
ceases to act properly. The cupric oxide, being of a porous 
structure, is readily regenerated. This is done by taking the 



37. Fif:. 28. 

positive plate out of the solution, washing it with water, and then 
exposing it to the air for from 20 to 30 hours. If, however, it is 
heated to 100 or 180” the oxidation is complete in 30 to 40 minutes. 
The chemical changes which take place are very simple, and may 
be expressed as follows : — 

Zn + 2KOH = K/mOa + 2H 
CuO 4 - 2H = Cu + HjO 

When the battery has been in use for some time the electrolyte 
requires renewing, and the zinc plates, which become coated with 
a greyish deposit of hydrated sodium zincatc, should be scraped and 
reamaigamated. 

One advantage of the cell is its very low internal resistance. 
The however, is rather low, being at the' commencement 

r*2 volts. This rapidly falls. to 0*82 of a volt, at which point it 
remains constant until the electrolyte becomes almost exhausted 
or the copper oxide reduced, 
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Grouping of Cells. 

For obtaining a high E.M.F., cells should be connected in 
series, for producing a low internal resistance, in parallel. Fig. 29 
shows three Bunsen cells connected in series, the opposite poles 



of neighbouring cells being connected up together ; the zincs, it 
will be seen, are joined to the carbons. The E.M.F, of such a 
system is three times that of a single cell ; i.e. if we take the E.M.F. 
of a Bunsen cell as i‘8 we get I’S x 3 = 5*4 volts. 

Connecting the cells up in series, although it increases the 
E.M.F., also increases the internal resistance of the system. 

Fig. 30 represents three Bunsen cells connected in parallel, 



Fig. 30. 

the zincs to the zincs and the carbons with the carbons. This 
arrangement decreases the internal resistance of the cell: tjje 
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internal resistance of two cells connected in parallel is only half 
the resistance of one alone, and of three cells only one-third. 
The effect of joining up in parallel is really to increase the sixe of 
the plates : if a plate has a surface of loo sq. centimeters, then, 
connecting it in parallel with another cell of equal size is 
equivalent to having a plate of 200 sq. centimeters surface. 

When the external resistance, is high, cells should be connected in 
series; Imt when the external resistance is low, they should be 
connected in parallel 

This will be best shown by means of a few examples. Ohm's 
Law says : “ The current strength in a circuit is equal to the electro- 
motive force divided by the resistance of the ciraiif, i.e. the internal 
resistance plus the external resistance.” 

If, then, b is the internal resistance of the system, r the 
external resistance, and E the electromotive force, then the current 
strength C will be represented by the formula — 


It follows from this formula that C may be increased cither by 
increasing the electromotive force, E, or by decreasing the internal 
resistance, b. 


Example I. 

The E.M.F. of a cell is I'l volts. The internal resistance is 
o‘8 ohm. The external resistance is 15 ohms. With various 
groupings we can obtain — 

A. Connecting in Series. 

1 cell C = “ 0*069 

2 cells in series C = ^ ^ 15 ^ 

6 cells in series C = 7 — - ^ ^ ^ amp, 

• 6 X 0*8+ IS ^ 
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B. Connecting in Parallel. 

2 cells in parallel C = ^ = 0-071 amp. 

V+‘5 


6 cells in parallel 



0*072 amp. 


Example 1L 

With an external resistance of 0*15 ohm. 
A. Connecting in Series. 


I cell 

C = o~8+-oT5 = ‘''5 amps. 


2 X ri 

2 cells in series 

C - .y“i T = i’25 amps. 

2 X 0*8 + 0T5 ^ ^ 


^ 6 X ri 

6 cells in series 



B Connecting in Parallel. 

I’l 

2 cells C = = 2‘o amps. 

o o 

, +0T5 

6 cells C = 4 '” 

V + °''5 

In order to decrease the internal resistance of a battery, and 
yet maintain a lairly high E.M.F., it is often useful to connect up 
the cells partly in series and partly in parallel. Fig, 31 represents 
diagrammatically a set of twelve cells connected in three sets ot 
four cells each. Such a battery will give an electromotive force 
equal to four cells, but the resistance of the system will be one- 
third of that which would be exerted by three cells. 
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From the examples given, the student will have no difficulty 
I after a little experience in de- 





Fig. 


terrain ing which, for different 
work, is the best grouping of 
his cells, in order to obtain the 
maximum efficiency from bis 
battery. The rule for group- 
ing is to connect up in such a 
manner that the internal and 
external resistance are as nearly 
as possible the same. Under 
such conditions, the greatest 
efficiency is obtained. 


Accumulators. 

It has already been shown that in a Danicll cell (p. 42) the 
electric current passes through the solution from the zinc to the 
copper, and, in the outer circuit, from the copper to the zinc 
— the zinc going into solution, and the copper being deposited 
out. If now a current from a dynamo or other source of elec- 
trical energy is caused to pass in the opposite direction — from the 
zinc to the copper in the outer circuit, and through the solution 
from the copper to the zinc — the copper will go into solution, 
and the zinc will be deposited upon the zinc electrode. The 
battery will thus be regenerated, and if the same amount of 
current is passed in this, the reverse direction, as was originally 
taken out of the battery, the cell will have obtained its original 
condition. In the first place, chemical energy was converted into 
electrical energy ; and in the second, electrical energy has been 
converted into chemical energy. That is, electrical energy has 
been stored up in the form of chemical energy, from which it can 
be again obtained; this is the principle of the accumulator 
or storage cell. The storage cell is a reversible cell, and is an 
apparatus for storing up electrical energy in the form of chemical 
em‘gy> By a reversal of the action this chemical eneigy can 
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again be converted into electrical energy. For many reasons 
the Daniell cell does not make a satisfactory accumulator, and it 
is never so used in practice. 


The Lead Accumulator. 

The lead accumulator consists of a positive pole of lead 
peroxide (PbOa), and a negative pole of spongy lead. The first 
lead accumulator made was that of Plante in i860, Plantd pre- 
pared his cell by passing the electric current through sulphuric 
acid, in which both the negative and the positive pole were of 
lead. When the current was passed, the positive lead plate 
became covered with a brown coating of lead peroxide, while the 
surface of the negative plate became more or less spongy. On 
stopping the current and connecting the positive and negative 
plates together, an electric current was produced. Plante found 
that this process of charge and discharge could be repeated as 
often as he liked, and that the more often it was repeated tlie 
greater became the capacity of the cell. It is not in the scope 
of this book to go into details of the various methods of making 
accumulators, or of the rival merits of the different kinds. It 
must suffice to say that accumulators at the present day are rarely 
made by this costly method of charge and discharge, but the 
active material is generally made in the form of a paste which is 
caused to adhere to a lead grid. 


Chemical Process. 

The plates having been properly formed, consist, then, of the 
positive lead peroxide plate and the negative plate of spongy 
lead. On discharge, the negative plate becomes converted into 
lead sulphate— 

Pb -f HSO^ = PbSO, + 2H* 

The hydrogen ions convey, the positive electricity to the peroxide 
plates, and there give up their charge. At the moment tlje 
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hydrogen yields up its charge it reacts with the lead peroxide, 
and reduces it to lead monoxide — 

i PbO, + 2 H = PbO + H,0 

This lead monoxide then reacts with the sulphuric acid, and is 
converted into lead sulphate— 

PbO + H 2 SO 4 = PbS04 + H 3 O 

The positive current flows from the lead plate (Fig. 32 ) through 
the sulphuric acid to the lead peroxide plate, and from the lead 
peroxide plate through the external circuit to the lead plate ; that 
is, from the electro-positive lead plate to the electro-negative lead 
peroxide plate. This passage of current, and 
the chemical actions above set out, continue 
until the spongy lead and the lead peroxide 
are converted into lead sulphate. The solu- 
tion at the end of the discharge, therefore, 
contains less sulphuric acid than at the com- 
mencement, because during discharge both 
plates use up sulphuric acid. Hence the 
specific gravity of the electrolyte in a dis- 
charged cell is always lower than in a fully 
charged one, When an electric current is caused to pass in the 
opposite direction by connecting the -f plate with the positive 
pole, and the — plate with the negative pole of a dynamo or 
other source of current, an opposite reaction takes place. The 
electrolyte for conveying the current consists, of course, of 
sulphuric acid. 

H3SO4 = 2 H‘+ SO4" 

The negatively charged SO"., ions have their charge neutralised at 
the -f plate, but as SO 4 is incapable of existence in the molecular 
condition, it reacts with the lead sulphate on the plate, and 
oxidises it to lead peroxide, with regeneration of sulphuric acid, 
thus— 



SO4 + PbS04 + 2H,0 = PbOa + 2H2SO4 
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The hydrogen ions give up their charge at the negative plate, and 
there reduce the lead sulphate to spongy lead, and reform 
sulphuric acid — 

PbS 04 + 2H = Pb + H,,SO, 

This chemical action — the conversion of lead sulphate into lead 
peroxide at the positive plate, and the formation of metallic lead 
at the negative plate — goes on until the whole of the lead sulphate 
is converted respectively into lead peroxide and spongy lead. 
Further passage of the current now 
only causes electrolysis of the water 
to take place, with a consequent 
disengagement of oxygen gas at the 
positive plate, and hydrogen gas at 
the negative plate. Fig. 33 shows 
a cell manufactured by the Electrical 
Power Storage Company (E.P.S. 
cell), in which there are three positive 
plates and four negative plates. Ac- 
cumulators always contain an odd 
number of plates, thus one of three 
plates would contain two negative 
plates and one positive plate, the 
positive plate being placed between the two negative plates. A 
cell with seven plates would have four negative plates, and three 
positive plates. The greater the number of plates in a cell 
that is, the greater the active surface— the higher the ampere-hour 
capacity of the cell. The E.M.F. is, of course, the same, whether 
there are three plates or twenty-one plates. 



Fig. 33. 


Charging and Discharging Accumulators. 

The sulphuric acid employed must be as pure as possible, 
and may on no account contain arsenic or chlorides, as these 
impurities are very detrimental to the cell. The acid must be 
diluted to the required specific gravity (i '15 to 1*17) before being 
placed in the cells. Charging should be commenced directly the 
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acid has been placed in the cells, and should, if possible, be 
continued uninterruptedly for about twenty hours. When it is not 
possible to charge in one run, the first charge should be at least 
for eight hours. In charging, a resistance should always be 
placed in series with the dynamo. When the cells are being 
charged for the first time, it is generally necessary, at the 
commencement, to shunt in a considerable resistance, because 
the cells themselves at the outset oppose very little resistance. 
As the cells become charged, and their E.M.F. rises, their 
resistance increases, and, in order to keep the charging current 
constant, it is necessary to take out some of the external resist- 
ance. The increased resistance of the cells as they become 
charged, is due to the back E.M.F. which they exert. The back 
E.M.F. for the first few minutes is, of course, practically nothing, 
but it gradually reaches i'8 volts, and finally, when fully charged, 
is about 2-4 volts. During the first few hours of charging, the 
gravity of the acid sinks ; but then it increases, until, when the 
cells are fully charged, it is about i'2 to 1*22 : the final gravity, 
however, depends, to a certain extent, upon the form of 
cells used and the gravity of the acid employed at the 
commencement.^ 

When the cells are nearly charged, gas commences to be 
given off at the plates—oxygen at the positive, and hydrogen 
at the negative. When fully charged, the cells gas freely, and 
the liquid becomes milky and opaque from the quantity of gas 
bubbles which it contains; the cells are then said to boil. This 
boiling is due to the electrolysis of the electrolyte, and although 
it does not hurt the plates, it should not be carried on for too 
long a period, because it wastes the electrolyte by spurting, and, 
if the current is excessive, may disintegrate the positive plates. It 
is advisable to coaf all metallic connections, which might become 
injured by the acid spray, with vaseline, which can readily be 
painted on with a brush. 

‘ The numbers here given refer to the Electric Power Storage Co. cells. 
Starting with a gravity of ri;, the acid will, when the ceils are fully charged, 
have reached a gravity of 1*2. 
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After the cells have been completely charged, the pressure at 
the terminals is generally 2*2 to 2 '4 volts \ it, however, soon falls to 
3 volts, at which point it remains for some time, and then gradually 
falls as the cell is discharged. When it falls to i‘8o volts, the 
cells should be recharged, because they get out of condition if the 
voltage is allowed to fall too low. Even when the cells are not in 
use the E.M.F. slowly falls. It is not advisable to allow cells to 
remain without charging for a longer period than from four to six 
weeks, even when they are not in use. An accumulator should 
not be too rapidly discharged, otherwise the plates are very likely 
to buckle and get out of shape. This may cause a short circuit, 
which would ruin the cell. Neither should they be charged with 
a very high current density. When a very high density is 
employed, there is alw^ays a large amount of current wasted simply 
in electrolysing the electrolyte. 

When currents of sufficiently high voltage can be obtained, 
it is best to charge the cells connected up in series. The negative 
pole of the source of current is connected with the negative pole 
of the accumulator — i.e. with the lead pole — and the positive pole 
with the positive or lead peroxide plate. The E.M.F. of the 
charging current must be sufficiently high to overcome the back 
E.M.F. of the accumulator; this may be put as 2-5, therefore to 
charge one cell a potential of at least 3 volts must be employed. 
If six cells are connected up in series, the total hack E.M.F. 
would be 2*5 X 6 = 15 volts. (It is only towards the end of 
charging that the potential of a cell is as high as 2*5 volts,) A 
potential sufficient to overcome this back E.M.F. of 15 volts 
would require to be used in order to charge the six cells connected 
up in series. 

By connecting the cells up in parallel, the internal resistance 
of the system is lowered, being very little more than that of only 
one cell. Now, the E.M.F., as has already been stated, of one 
cell is rather over 2 volts ; therefore, in charging the cells con- 
nected in parallel, it is only necessary to use a voltage sufficient 
to overcome the back E.M.F. of, say, 2*5 volts. A potential of 
about 4 volts would therefore be amply sufficient to charge with. 
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Charging in parallel generally takes much longer than 
charging in series, because the available current is divided 
between all the cells, which are being charged. Thus, if six cells 
connected in series are being charged with a current of 12 
amperes, then each ijidividual ceil is being charged at the rate 
of 12 amperes. But if the cells are connected in parallel, the 
12 amperes is divided among the six cells, and each individual 
cell is being charged at the rate of 2 amperes per hour. In 
order to completely charge the cells in parallel, the current 
would therefore require to be passed six times as long as if 
they were connected in series. The total energy put into the 
cells would be the same, but in the one case it would be delivered 
more rapidly than in the other. 

To a certain extent the condition of the cell can be told 
by noting the specific gravity of the electrolyte. As the cell 
discharges, the specific gravity of the electrolyte falls; this is 
because some of the sulphuric acid is used up to form lead 
sulphate. When the cell is in normal condition, the specific 
gravity rises again on recharging. If the cells have not been 
long in use, taking the specific gravity gives an excellent criterion 
as to their condition ; but with cells which have been in use a long 
time without the acid being changed, too much reliance should 
not be placed upon the gravity alone. In any case, if the gravity 
is below 1*2 after the cell has been charged, probably something 
is the matter, The infallible proof of the condition of the cell is 
the E.M.F, After the cell has been charged and boiling has 
taken place, if the potential is below 2 volts, then the cell is 
out of order. As the charging of a cell becomes completed there 
is always a certain amount of gassing ; this means that a certain 
amount of the electrolyte is being carried away by spraying. 
Therefore, after some time of use, partly from this reason, and 
partly from evaporation, the electrolyte requires replenishing. 
Generally the addition of pure distilled water is all that is neces- 
sary, because the main portion of the loss is through evaporation, 
but a certain quantity of acid is invariably lost through spraying. 

The constant addition of water without adding fresh acid may 
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be the cause of the gravity being low: at the same time the 
voltage may be quite correct. If this is the case, a small quantity 
of strong pure sulphuric acid is added to bring the electrolyte up 
to the required specific gravity. The acid may be added to the 
cells in situ^ but it is better to siphon off the electrolyte, bring up 
to the required gravity, and then return to the cell. Before 
interfering with the electrolyte, however, care should be taken to 
ascertain that the specific gravity really is low. If water has 
recently been added thorough mixing may not have taken place, 
and, after one or two charges, the gravity may be found to be 
quite correct. If both the gravity and the E.M.F. of the cell are 
low, even after a long charge, then the cell is said to be sick ; 
probably in this case the positive plates will be of a reddish 
chocolate colour, instead of a dark brown, and the negative plates 
will very likely be a dirty whitish grey or may have large white 
patches of lead sulphate on them : the cause of the cell being out 
of order is due to sulphatiilg. Generally speaking, charging 
alone will not put this right, and, if this is found to be the case, 
the cell should be taken down, the electrolyte siphoned off, and 
the negative plates scrubbed with a hard bristle brush under 
running water. Great care must be taken not to allow the least 
trace of grease to get upon the plates when they are being washed. 
The positive plates must not be allowed to dry, but should be 
well washed in running water; they must not, however, be 
scrubbed, because this would probably detach some of the lead 
peroxide. The cleaning of lead accumulators is not by any 
means an easy operation, and must be carried out with great care, 
otherwise the plates may he completely ruined. 

The lead negative plates usually have a longer life than the 
positive peroxide plates. If the positive plates become damaged, 
it does not follow that the negative plates are also out of order, 
and the cell can be put in working order again by renewing 
the positives. 
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Edison Storage Battery. 

In the Edison storage battery the negative pole consists of 
iron ; the positive pole is oxide of nickel, which is supposed to 
be nickel peroxide, NiO^. The electrolyte is a 20 per cent, 
solution of caustic potash. Compared with the lead accumu- 
lator the voltage of this cell is comparatively low, being after 
recent charging i'5 volt, but the normal discharge voltage is 
not much above it or i'2 volt. 

The reactions which take place may probably be represented 
by the following equations : — 


zNiOa -b Fe = NiaO^ -f FeO 
NiA+ Fe = 2NiO -f FeO 

NiO -b FeO = Fe + NiO., 
NigOs + FeO = 2Ni02 + Fe 


On discharging. 
On charging. 


The last two equations are brought about by the pasSage of 
the current through the electrolyte, hydrogen being liberated at 
the negative pole, which reduces the oxide of iron to the metallic 
state. Likewise oxygen is liberated at the positive plate, and 
oxidises the reduced nickel oxide back to nickel peroxide again— 

2KOH = 2K'-b H 2 O +0 
2K + 2H2O = 2KOH + 2H 


At first sight it might be thought that, owing to its low E.M.F., 
the Edison cell could not compete with the lead storage cell. 
But it has certain advantages which go a long way towards com- 
pensating for its lower voltage. These are claimed to be — 

(1) Stability of the cell, absence of deterioration by work ; 

(2) Large storage capacity per unit of mass ; 

( 3 ) Capacity for being rapidly charged and discharged, without 
buckling \ 

(4) Capability of withstanding rough treatment ; 

The cell is coming into very considerable use for automobile 
work, ^especially in America \ but so far, at any rate in England, 
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it has not been employed for laboratory purposes. It is very 
doubtful whether, at any rate for a long time to come, the alkaline 
accumulator will take the place of the lead battery. Although the 
cell may possess the above-mentioned advantages, the question 
as to its watt-hour capacity and as to the economy of charging 
are also important factors, and these have not yet been proved 
to be higher than those of the lead accumulator. 

Electrolytic Rectification of Alternating 
Currents. 

It is found that when a plate of aluminium is made the anode 
in an electrolytic cell, at the moment of completing the circuit, 
the current flows as usual, but it rapidly becomes less and less, 
and in the course of a few seconds, if the E.M.F. is not more 
than 20 to 25 volts, the current ceases to pass. Obviously this 
connot due to polarisation, because the back electromotive 
force due to gaseous polarisation would not be much above 
I volt. 

It is a well-known fact that aluminium readily becomes super- 
ficially coated with a film of oxide, and that this film exerts a 
protective action, preventing further oxidation from taking place. 
It is this superficial oxidation of aluminium which makes it so 
difficult to weld the metal or to plate other metals upon its 
surface. When aluminium is made the anode in dilute sulphuric 
acid, or in a sodium-phosphate solution, there is a tendency, on 
completing the circuit, for the aluminium to pass into solution. 
The moment, however, it commences to dissolve, the surface 
becomes coated with a film of hydrate or basic sulphate or 
phosphate, and this prevents actual contact between the solution 
and the .aluminium. This film is a dielectric, so we get a 
dielectric polarisation, and the film acts as a condenser between 
the metal and the electrolyte. The dielectric polarisation almost 
absolutely prevents the passage of the current with potentials 
below 20 volts, but with higher voltages it partially breaks down, 
and a certain amount of current will pass. The resisting action 
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is also better at low temperatures, and is to a certain extent 
dependent upon the nature of the electrolyte. Gratz was the 
first to point out that this peculiar behaviour of aluminium 
might be employed to rectify alternating currents. In an alter- 
nating current there is a pulsation first in the one direction, 
and then in the other, or, in other words, the electrodes in a 
cell through which an alternating current is being passed are 
one moment negative, and the next moment positive. It is, 
therefore, not possible to conduct ordinary electrolysis with an 
alternating current. Although an aluminium plate cannot be 
employed as anode in electrolysis, for the reasons already ex- 
plamed, it can be used as a cathode, because in this case any 
protective coating, if it is produced, is removed by the reducing 
action of the hydrogen. As the alternating current consists of 
impulses first in one direction and then in the other, it should 
follow that, if an aluminium plate opposed to one of lead or carbon 
is placed in an electrolytic cell and connected with the alternating 
current, the positive phase will be unable to pass, l)ut the 

negative will have no such 
difficulty. This is actually 
found to be the case, pro- 
vided the E.M.F. is not 
too high; but, of course, 
with a single cell 50 per 
cent, of the current would 
be lost. The best method 
of connecting up in order to 
obtain the maximum recti- 
fication and efficiency is 
shown in Fig. 34. 
alternating mains, and n,’ b' 
The long lines represent 
the aluminium plates, and the short lines lead or carbon. Now, 
when the current tries to travel through the cell b the negative 
impulse will pass without difficulty, but the positive will be 
prevented from passing by the aluminium plate ; it will therefore 


M oH 


M O — 



M, M are the terminals from the 
and A, a' are four electrolytic cells. 
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be thrown back, but will be able to pass through the cell a. The 
same applies to the current endeavouring to pass through b ' ; the 
positive will be thrown back, but will pass through a'. The 
negative currents from b and e' are united in the conductor gg, 
and the positive currents unite in the conductor ee. We have 
therefore, at the two terminals C and c, a continuous current, 
the terminal carrying the current from the aluminium plates being 
positive, and the terminal taking the current from the lead plates 
negative. The number of plates in the cells b, b' and a, a' 
depends upon the E.M.F. of the alternating current. As a matter 
of fact, it is not a question of the number of plates, but of the 
number of cells. Thus, as shown in the diagram, there are two 
long and two short lines in the cells ; this really represents two 
cells connected together in series. One cell at ordinary tem- 
peratures will only rectify successfully if the E.M.F. of the alter- 
nating current does not exceed about 25 volts; at 0° the E.M.F. 
may be as high as 45 to 50 volts without the cell breaking down. 

In some districts the alternating current is used for lighting ; 
the current cannot therefore be employed for electrolytic pur- 
poses, or for charging accumulators. The current rectified as 
above explained will, however, be found quite satisfactory for 
charging accumulators. Absolute rectification, except perhaps at 
very low voltages, probably never takes place, there being always a 
greater or less amount of leakage. This leakage is due to a partial 
breaking down of the dielectric; at high temperatures the pro- 
tective film seems to get more or less crystalline in structure, and 
then the leakage becomes very considerable. Presumably, when 
the negative impulse strikes the plate, sufficient breaking down, 
due to reduction of the film, does take place to allow the passage 
of the negative current, otherwise no current would pass in either 
direction. There is a certain voltage above which all dielectrics 
will break down ; and under ordinary circumstances and at ordi- 
nary temperatures, with the film produced on the aluminium plate 
this is about 25 volts. 

A very interesting phenomenon is noticed when an alternating 
current is passed through an electrolyte where one of the pjates 
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is aluminium. The aluminium plate is noticed to phosphoresce, 
and its whole surface scintillates in a very beautiful manner. The 
electrode opposed to the aluminium 
does not show this peculiarity. 
Aluminium is not the only metal 
which prevents the passage of the 
positive electric current; magne- 
sium, chromium, and indeed most 
metals have this property to some 
extent. 

One difficulty in using electro- 
lytic rectifiers is the great heating 
of the solution which takes place. 
Fig. 35 shows a sectional elevation 
and Fig. 36 the plan of one of the 
cells which have, been successfully 
employed for charging accumulators 
at the Borough Polytechnic. The 
^ cell consists of a sheet of stout 

aluminium shaped into a cylinder ; 
this is surrounded by a coil of lead or composition pipe, through 
which water circulates. The aluminium is made the one pole, 
and the lead pipe the other 
pole. The electrolyte con- 
sists of a cold saturated 
solution of ammonium phos- 
phate, (NH4)aHP04. 

More recently better re- 
suits have been obtained by 
using a closed aluminium 
cylinder, and circulating cold 
water both through this 
cylinder and through the lead 
pipe. (The form of the apparatus is the same as shown in Figs. 
35 and 36, except that the aluminium cylinder Js closed and has a 
tuba for ingress and egress of the cold water.) The efficiency of 
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the rectifier is very much greater at low than at high temperatures. 
Further, the aluminium plates last very much longer ; it has been 
found that if the temperature is allowed to rise from 30° to 40^, 
the plates corrode away in the course of a few weeks. Whereas, 
when the electrolyte is maintained at a temperature below 20“, 
the plates appear to be very little attacked. 

There is always considerable loss of energy in using these 
cells, unless the plates and solution are kept well cooled. By 
cooling the aluminium plates as above explained, over 90 per 
cent, rectification is readily obtained, the current efficiency is 
over 90 per cent., as shown by the amount of copper deposited 
from a copper coulommeter. Even if considerable loss does take 
place, the conversion of an alternating into a continuous current 
by this means is a very great convenience. 
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Distribution of Current, 

Fig. 37 represents diagrammatically an arrangement designed 
by the author which may be employed for distributing the current 
from storage cells. The arrangement here adopted is to avoid 
the multiplication of measuring instruments. The switch-board is 
designed to supply three circuits on three sides of a room. Each 
circuit may have any number of terminals to suit the desired 
number of students \ but, of course, all the students working on 
the same circuit have to use the same number of cells. But by 
means of resistances the strength of the current which it is desired 
to employ can be regulated. The switch-board shown is connected 
with three circuits. 

Each circuit is provided with an ammeter and voltmeter. Every 
working place is fitted with a separate set of terminals and a fixed 
resistance of about 20 ohms ; heavier resistances can of course be 
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employed if required. The resistances are mounted, together 
with switches for the ammeter and voltmeter, on an enamelled 
slate base, and are fixed on the wall just above the benches. By 
means of one switch the student is enabled to take the ammeter 
reading, and having done so, to switch off and continue the 
electrolysis without keeping the instrument continually in the 
circuit— the resistance of the ammeter, being very low, is 
neglected. A second switch for the voltmeter is arranged in a 
similar manner. Thus, several students can use the same instru- 
ments without interfering with each othcr^s work, and multipli- 
cation of these expensive pieces of apparatus is avoided. 

The Distributing Board is arranged so that the cells may 
be connected up either in series or in parallel, or part in series and 
part in parallel. Further, although in the diagram there are only 
twelve cells, the whole number may be switched on to one 
circuit, ten on to another, and eight on to the third, and all 
circuits may be in use at the same time. Of course a smaller 
number of cells can be employed on any of the circuits when 
it is found desirable. The diagram shows the arrangement of the 
plug-board, and the manner in which it is connected with the 
accumulators, also the way in which the current is distributed to 
the several circuits. 

From the diagram, which explains itself, it will be seen tliat a 
fuse is inserted in each of the leading wires from the battery, which 
protects the apparatus from damage in the event of an accidental 
short circuit taking place. Each cell is also separately fused. 

It is not very often that it is necessary to have cells con- 
nected up in parallel, and in installations in which it may not 
be desired to have this arrangement, the distributing-board could 
be very much simplified by having only one row of plug holes. 
This would, at the same time, make the board very much cheaper. 
In the diagram, two cells are shown connected in series on to 
Circuit No. II. When the ammeter switch is moved on to the 
stud marked “ On,” the current passes through the decomposition 
cell which is in connection with the two terminals, but WQuld 
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not be passing through the ammeter. On switching over to 
“ Ammeter reading," the current passes through the ammeter and 
work. As soon as the student has taken his reading, he switches 
back to “On," and continues the work with the instrument 
thrown out. The voltmeter, which is of course on a shunt 
circuit, is so arranged that besides taking the P.D. of the work, 
the terminal E.M.F. of the circuit can also be taken. 

The Resistances, — These are made from insulated “ pla- 
tinoid” wire, wound on asbestos-covered brass tubes. The 
advantage of winding on tubes is that a current of air passes 
through them and serves to keep the resistance cool. The 
contact is a double sliding one, and connection is made with 
the resistance wire by removing the insulation from the upper 
and lower surfaces of the coil. Each instrument has a re- 
sistance of about 20 ohms, and will carry a current of about 
4 amperes without unduly heating. An ideal resistance at a 
moderate cost is a very difficult thing to obtain. With a re- 
sistance such as is here described, there is not much difficulty 
in cutting down by very small fractions of an ampere ; but if it 
be required to carry a current of considerable density, and at the 
same time to reduce or increase the current by small fractions of 
an ampere, the best method is to employ a liquid resistance such 
as that shown in Fig. 41, p. 75, The method of distributing the 
current here described is simply given as an example of one which 
has been found in actual work to be very satisfactory. The method 
to be adopted in any laboratory will require to be modified to suit 
the special requirements of the work which it is intended to carry out. 

Pole Papers. — It is sometimes necessary to test whether 
a wire is connected with the positive or negative pole. For this 
purpose turmeric paper moistened with a solution of sodium 
sulphate may be used ; on placing the wires near together on the 
moist paper, a brown mark is produced where the negative wire 
touches it, due to the liberation of sodium. Pole papers often 
have phenolphthalein and sodium sulpliate on them, and then the 
negative wire produces a pink mark. 



CHAPTER Vf. 

REGULATION OF CURRENT, 

In all electro-chemical operations it is a matter of great im- 
portance to be able to control the quantity of current which is 
to pass through the electrolytic bath in a given time. Flow of 
water from a pipe is regulated by means of a tap, the amount 
of water which will flow depending upon how far the tap is 
turned on. The flow of the electric current is regulated by 
means of resistances; the greater the resistance switched into 
the circuit, the less the quantity of current that will flow. 

In order to be able to compare dilferent resistances, it is 
necessary to have a standard or unit of resistance. The unit of 
resistance is called the ohm. The ohm is defined as being the 
resistance offered by a column of pure mercury 106*3 centimeters in 
lengthy having a uniform section of i square millimekr^ at a 
temperature of 0“ C. The weight of this column of mercury is 
14-4521 grm. 

In practical working it would not be convenient to employ 
columns of mercury as resistances. Use is therefore made of 
the fact that different metals oppose different resistances to the 
passage of the electric current. Iron wire, for example, offers 
a very much greater resistance to the passage of the current 
than does copper wire. Resistances are often therefore made of 
iron wire. But for laboratory purposes it is more general to employ 
resistances made from certain alloys, such as platinoid or 
manganin. 

The resUtance of a wire is proportional to its length 
and inversely proportional to its cross section. 'l*he 
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specific resistance of a material is the resistance between two 
opposed faces of a cube of the substance, each edge of which is 
1 cm. in length. The appended table gives the specific resistances 
of a number of substances, measured in microhms (a microhm is 
the millionth of an ohm, t,c, io-“ ohm). The measurements 
given have been taken at o°. 


TABLE VII. 


Substance, 

Specific 
Resistance, | 

Resistance of 

I metre of i s^. njm, 


cross section. 

Silver, hard drawn 

1-468 

0-01468 

Gold, amrcaled 

2-053 

002053 

Copper, annealed 

1-560 

0-01560 

, , hard drawn 

1-629 

0-01629 

Aluminium, annealed 

^■905 I 

0-02905 

Iron, annealed 

9’693 1 

009693 

riatinum, annealed 

9'035 

0-09035 

German silver 

20*886 

O-208S6 

Mangaiiin 

46*700 

0-46700 

Platinoid 

4173^ 

0-41731 


Temperature Coefficient. — When the current passes 
through a wire, the wire becomes hot; but a hot wire offers a 
greater resistance to the passage of the current than a cold wire, 
therefore the resistance is more or less variable, the variation 
depending upon the temperature co-efficient of the metal or 
alloy. The great advantage of an alloy such as platinoid is, 
that it has a very low temperature coefficient. For instance, 
the conducting power of pure iron fails by 39‘2 per cent, when 
it is heated from o° to loo'^; wherejts, through the same range 
of temperature, platinoid only falls by 2*09 per cent. The 
temperature coefficient, therefore, per degree is respectively o‘392 
and o'o209. The appended table gives the temperature coefficient 
per cent, of certain metals and alloys. 
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TABLE VIII. 


Metal. 

1 Increased resistance per cent. 

1 0° to 100® c. 

! 

Silver, annealed 

1 

40*0 

„ hard drawn 

40*0 

Copper, annealed 

42-8 

„ hard drawn 

38-8 

Iron, pure 

39'2 

„ annealed 

62*5 

Aluminium 

39-0 

Platinum 

367 

Gun metal 

39’2 

German silver 

4‘4 

Platinoid 

2'og 


Ohm’s Law. 


Ohnis Law states '■'‘that the ament strength varies directly as 
the electromotive force and inversely as the resistance f ' or we may 
say — the ratio between the electromotive force and the current 
shows the resistance. Thus, if E represents the electromotive 
force, C the current, and R the resistance, then we have — 


E 

C 


=r R 


Therefore knowing the electromotive force and the resistance, 
we can find the current strength of a circuit. 



I. For example, suppose the electromotive force of the 
batteries in a circuit is 12 volts, and the resistance is 9 ohms, 
what current will pass through the circuit ? 


C = 


12 

9 


1*33 amperes 


II. Similarly, if the current and the resistance are known, 
we can calculate the electromotive force. If the resistance of a 
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circuit is 15 ohms, and the current i‘5 amperes, vvhat is the 
E.M.F.? 

E = 1*5 X 15 = 22'5 volts 

III. And the resistance R can be calculated when we know 
the E.M.F. and the current. If the E.M.F. is 16 volts, and the 
current o‘5 ampere, what is the resistance? 


As a rule, the calculations are not quite so simple as the 
above, because in any circuit the total resistance is made up of 
a number of smaller resistances. There are the leads which 
convey the current; these represent a certain resistance. The 
various connections, especially if the junctions are not well 
cleaned, are sure to cause a greater or less resistance. Then 
there is the known resistance for regulating the current. Finally, 
there is the unknown resistance of the electrolytic cel), which 
may be continually varying, either owing to polarisation or to 
changes in the concentration of the electrolyte and to heating 
effects. 

Resistance of the Electrolytic Cell. — It is sometimes 
useful to know the resistance of the electrolytic cell. This we 
are able to calculate from Ohm's Law. What we require to 
know is the current which is passing, and the drop in potential 
between the electrodes. 

For example, in an electrolytic cell in which the electrolyte 
consisted of a 15 per cent, solution of copper sulphate and the 
electrodes were both of copper, a current of 2-5 amperes was 
found to be passing. The drop in potential between the 
electrodes was 3*2 volts, therefore the resistances of the cell 
was— 

R = ~ = i' 28 ohms. 

25 

The above example was purposely taken, because in such a 
cell, where both the electrodes are of the same metal, and the 
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electrol3^e is a salt of the metai, there are no polarisation effects. 
Generally, however, there is a greater or less back E.M.F. pro- 
duced by polarisation. 

Cell Polarisation an 4 Back E.M.F.—Polarisation always 
produces a back electromotive force, and in order to calculate 
correctly the resistance we must measure the back E.M.F. of the 
cell. This may be done by connecting a voltmeter across the 
two electrodes. The voltmeter will show the apparent drop in 
potential between the electrodes. Now switch off the current, the 
voltmeter will recede back until it stops for a short time at a 
point somewhere above zero, and then gradually fall back until 
it comes to zero. The position to which it fell in the first 
instance is the polarisation voltage. An example will make 
this clear. In a cell which contained a solution of sodium 
sulphate both the anode and cathode were of lead. After 
the current had been passing for some time the voltmeter was 
shunted across the electrodes, and was found to read 4*8 volts ; 
the ammeter at the same time showed a reading of 3 amperes. 
The cunent was then cut off; the voltmeter fell to 2 volts, 
where it remained for a short time, and then gradually fell to 
zero. The back E.M.F. was therefore 2 volts, which was opposed 
to the passage of the current. Thus the resistance of the cell 
due to the back E.M.F, was— 

4’8 — z , 

R = = o'Q3 ohms, 

3 

Some Forms of Resistance. 

A simple form of resistance is shown in Fig. 38. It consists 
of coiled lengths of wire fastened on to a frame. By moving the 
switch on to different studs, various amounts of resistance can be 
thrown in. Each length of wire generally represents a known 
resistance : for example, each wire may represent a resistance of 
I ohm ; therefore, when the switch is on the fifth stud, there will be 
a resistance of 5 ohms thrown in. When heavy currents ^re 
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employed, the resistance wire may become very hot, and the wire is 
then generally mounted on an iron frame fixed upon a slate base. 



Fig. 38. 


Fig. 39 shows another form of adjustable resistance. It is ■ 
made of insulated platinoid wire wound upon an asbestos-covered 
brass tube. Contact is made by sliding the brass rubber a along 
the bar b — connection being made with the resistance wire by 
removing a portion of the insulation from its upper surface. 



Fig. 40 illustrates another form of adjustable resistance which 
can be made for carrying still heavier currents. 

When it is necessary to cut a heavy current down, and to 
regulate by small fractions, it is best to pass the current through a 
liquid resistance. Fig. 41. This may be simply a glass or, better, 
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an earthenware trough, containing dilute sulphuric acid or caustic 
soda (the concentration of the electrolyte depending upon the 
resistance required), and 
having two lead plates 
as electrodes, when sul- 
phuric acid is used, or 
nickel plates when caustic 
soda is the electrolyte. 

The resistance is regu- 
lated by moving the two 
plates AA either nearer 
together, to increase the 
current ; or further apart, to decrease the current. 

The only objection to this form of resistance is that, if the 
current is very heavy, the solution becomes hot and evaporates 
away. If, however, one of the electrodes consists of a coil of 



Fig. 40. 



Fig. 41. 


lead pipe, through which cold water is allowed to flow, the heating 
of the solution is very much reduced. Many other forms of 
resistance might be described, but for general laboratory work 
the ones here described should be quite sufficient. The class of 
resistance employed will depend upon the kind of work for which 
it is required, and to a great extent upon the personal experience 
and likes of the experiinentist. 


CHAPTER VII, 


APPARATUS FOR ELECTROLYSIS. 

In almost all electrolytic depositions it is necessary to employ 
platinum anodes and cathodes. The cathodes are either in the 
form of basins, cylinders, cones, or flags. Basins have perhaps 
been more largely used than any other form of electrode, but 
they are extremely expensive, and have really no advantage over 
a gauze cylinder or flag electrode. 

When a basin is employed, it should be of sufficient capacity 
to hold from 150 to 180 c.c. of solution. The 
best form of anode is of platinum wire coiled 
concentrically, as illustrated in Fig, 42, In 
using the basin a stand of the following con- 
struction will be found very convenient (Fig. 43). 
The base of the stand is of slate or marble, 
and the brass rod which conveys the - current 
is hollow ; through this brass rod an insulated 
wire for carrying the -f current passes, and is 
connected at the top of the rod to an insulated 
binding-screw, and at the bottom with the 
^ binding-screw fixed on to the slate base. The 
arm for holding the anode is insulated from 
the upright brass rod by means of a piece of ebonite. The 
ring which supports the basin has three little platinum points 
at equal intervals on its circumference ; on these the basin rests, 
thus ensuring good contact. The + pole of the source of current 
is connected with the hinding-sctew fixed in the slate base, and 
the, negative pole with the binding-screw marked -. 
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During the course of electrolysis—especially when hot solutions 
are used— it often happens that the volume of the solution falls 
below the edge of the deposited metal, which may then become 
oxidised and lead to incorrect results. In Fig. 44 is shown an 
arrangement for getting over this difficulty. A small beaker is held 
in a ring which is placed upon the upper part of the rod of the 




Frc. 44. 


stand * the beaker is filled with distilled water, and has hanging 
over its side a piece of lampwick. One end of the wick is in the 
water, and the other- end is twisted round the anode; the water 
slowly siphons over from the beaker, and by arranging the number 
of threads in the wick and the height of the beaker from the basin, 
the water can be made to flow into the basin as rapidly as it is 
evaporated or electrolysed away. If it is desired to keep the 
solution acid, as, for example, in the analysis of zinc by the oxalate 
method (p. 119), then the beaker is filled with dilute oxalic acid. 
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Heating: Platinum Basins during 
Electrolysis. 

special precautions are necessary for heating platinum basins. 
The flame of the burner may on no account come in contact with 
the basin, as this causes the platinum to become dull, probably 
from formation of carbide. Another drawback to direct heating 
is, that the heating may become too local, and this may cause the 
deposit to scale off; the deposits are almost certain to scale if the 
solution is boiled. In order to give a diffused heat, a piece of 
sheet asbestos may be placed upon a ring under the basin, or 
a very small flame may be placed some 
4 cm, below the basin. Perhaps the best 
method is to use a water-bath of the form 
depicted in Fig. 44. The bath really acts 
as an air-bath, as it is so arranged that the 
basin shall not come in contact with the 
water, the only openings to the bath being 
the two small funnels a, a. Three small 
* pieces of platinum wire are soldered into 
the copper cavity, and on these the basin 
rests. There is an air space of about 2 cm. 
all round the basin. 

It will be found that if the bath be 
filled with a mixture of equal parts of water 
and glycerin, that this mixture can be 
heated to a temperature of about 130® 
without boiling, and that then the tempera- 
ture of the solution in the platinum basin 
will be between 50 and 60®. 

Fig. 45 shows a cylindrical gauze elec- 
Fro, 45. trode with its anode. Cylindrical electrodes 

other than gauze cannot be recommended, because of the great 
unevenness of current density, the metal being mainly deposited 
upon the inside of the cylinder, and only to a limited extent upon 
thfe outside. 
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Perhaps the best form of electrode is the flag form shown in 
Fig. 46; the cathode is in the form of a flag and is made of 


platinum gauze, which should be 
sufl&ciently stout to permit of being 
sand-blasted; it is held rigid by 
means of a platino-iridium frame 
(ro per cent, iridium) ; the framCj 
which is roughened by means of 
the sand-blast, has a stout piece 
of iridio-platinum wire welded on 
to it. The wire is for holding 
the electrode in position during 
analysis. The loop near the top 
of the wire is for hanging the elec- 
trode on the balance. The anode 



Fig. 4f). 



is made of platinum wire, and is bent upon itself in such a way, 


that when it is placed into 
position for electrolysis, 
as illustrated in Fig. 47, 
an even current density is 
obtained on all parts of the 
cathode. The distance be- 
tween the two sides of the 
anode is 2-5 cm., therefore 
when in position it is i‘25 
cm. distant from each side 
of the cathode. 

The cathode is 6 cm. 
high and 4*3 cm. wide, and 
the length of the supporting 
wire is 7*5 cm., the loop 
being 2'5 cm. from the end. 
As the anode is opposed 
to both sides of the cathode 
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during electrolysis, it follows from the above measurements that 
the total cathode surface is 50*4 sq. cm., that is, practiaally 
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half a square decimeter, which, as the current density (C.D.) for 
analytical purposes is generally calculated per square decimeter of 
surface, is a very convenient size. It is not essential for the 
cathode to be made of gauze— in many cases sheet platinum is 
quite as useful ; but for metallic deposits which are inclined to 
exfoliate, such as bismuth and antimony, the gauze is more 
satisfactory; it is also very useful for mercury and for peroxide 
deposits. The gauze should not be too fine; the finest that 

1 have found satisfactory is about 8o to 90 meshes to the 
square centimeter. When it is too fine there is a tendency for 
hydrogen to collect upon the surface and thus cause polarisation. 

The weight of the cathode, when made of platinum sheet, 
is about 14*5 grm. If thinner platinum is employed, the weight 
can be reduced to 8 grm., but it is found better not to make them 
of very thin platinum, because then they are too fragile, and there 
is a tendency for the deposits not to adhere well at the edges. 
The weight of the gauze electrode is about 15 grm, 

Current Density (C.D.), as already stated, is the intensity 
of current per unit of surface. Thus, if the surface is i square 
decimeter, and the current is 2 amperes, we say that the C.D, is 

2 amperes. If, however, the electrode was only o;25 of a square 
decimeter, then, if the current was 2 amperes, the C.D. would be 
S amperes. The current densities given in this book always 
represent the C. D. per square decimeter. 

Rotating Electrodes. 

The rate of deposition of a metal from its solutions is very 
much accelerated, and a higher C.D. can be employed, when the 
cathode is kept in rapid rotation. In Fig. 48 is shown a rotating 
cathode, and the arrangement employed for rotating it. The 
support for the cathode consists of a gun-metal arm, the end 
of which is drilled to allow a spindle to pass. This spindle 
carries a small chuck (such as is used for fixing small drills) 
which is used for holding the rotator. The grooved pulley, 
which is fastened on to the upper end of the spindle, bears on the 
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top of the arm, which is ground smooth. The whole anangement 
is driven by means of a belt from a water-turbine or electric 
motor. This arrangement is found to give very perfect contact 
and to work with very little friction. The parts should only 
be slightly lubricated, 
the best lubricant being 
a mixture of graphite 
and oil. 

The cathode, as is 
seen from the figure, is 
a small sand - blasted 
cylinder, of platinum 
gauze, which has a com- 
bined surface of about 
25 cm. The anode is 
in the form of a double 
circle of stout platinum 
wire, and has four little 
baffles placed at inter- 
vals round it, to prevent 
the liquid from rotating 
with the cathode. A double coil of stout platinum wire serves 
equally well. Of course for peroxide deposits the rotating elec- 
trode would be the anode. A cylinder of sheet platinum also 
gives very good results, but in this case very little metal is deposited 
upon the inner surface. Longitudinal slits, however, partially 
get over this difficulty, but with gauze as shown in the figure 
the deposition is practically equal inside and outside. Not only 
are the metals deposited more rapidly by the use of a rotating 
cathode, but the deposits are generally exceedingly bright and 
have a magnificent burnished appearance; this is especially the 
case when cobalt is deposited from a solution containing 
ammonium tartrate. When the cathode is of gauze the brilliancy 
of the deposit is not so marked as when a smooth cathode, such 
as that described by Gooch, which consists of a platinum cnicible, 
is employed. 
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Preparation of Electrodes, 

In all forms of analysis, cleanliness of apparatus is a matter of 
importance ; if possible, it is even more important when electro- 
chemical methods are employed. The slightest trace of grease or 
dirt upon the cathode must be avoidedj otherwise the deposit will 
be patchy, and often non-adherent. In order to clean the electrodes 
they should 6rst be heated in nitric or hydrochloric acid, or warmed 
with a mixture of sulphuric acid and potassium' dichromate. They 
should then be thoroughly washed under the tap, and afterwards 
with distilled water. If they still appear greasy, they may be 
washed with caustic alkali, well rinsed, and finally heated to 
redness in the bunsen flame or by means of the blowpipe. It is 
not necessary to c'ool them in a desiccator before weighing. It is, 
however, generally speaking, better — as far as possible— to allow 
the electrodes to cool for the same length of time before weighing, 
say twenty minutes or half an hour. After ignition the cathode 
surface must on no account be touched with the fingers, because 
the grease of the fingers might be sufficient to spoil the metallic 
deposit. 

Before igniting platinum, great care must be taken that every 
particle of the metallic deposit has been removed ; otherwise, on 
heating, an alloy may be formed which will spoil the apparatus. 
On no account may platinum be heated in a smoky flame, as this 
dulls the surface and forms a carbide. From time to time, if the 
platinum becomes dull, it may be necessary to polish it with 
a little very fine sand or pumice powder; when this is carefully 
done, the weight of the platinum is not appreciably altered. 
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ELECTRO-CHEMICAL ANALYSIS 




CHAPTER VIII. 

ELECTRO-CHEMICAL ANALYSIS, 

Although so far back as i8oi Cruikshank suggested the employ- 
ment of the electrical current for analytical purposes, and in 1812 
Fischer recommended it for the detection of small quantities of 
arsenic, the careful and successful study of electro-chemical methods 
is of comparatively recent date. Yet while many processes of 
great importance and usefulness have been discovered, it must not 
be supposed that it is possible to carry out analysis solely and. 
entirely by electrical methods. In a great many cases pure salts 
of the metals may be very readily and conveniently analysed 
electrically, yet it often happens that it is much more convenient 
to employ methods of separation which are purely chemical. For 
example, although silver and copper can comparatively readily be 
separated from each other by variations of electrical potential, 
still, generally speaking, it is better to first separate chemically and 
then to electrolyse the two separately. Theoretically speaking, it 
should be possible to separate practically all the metals by care- 
fully regulating the electromotive force, because, as Magnus 
stated in 1856, “in every mixed electrolyte there is a certain limit 
of intensity, at which only one of the components will be de- 
composed.” But it is usually found in mixtures, unless the limit 
at which the various constituents are decomposed lies compara- 
tively far apart, that the one metal upon being deposited brings 
down a certain quantity of the other metal, and that therefore 
a complete separation does not take place. 

In studying electro-chemical methods of analysis, it is usual 
and advisable, in the first place, to investigate the behaviour^of 
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solutions of pure salts, before endeavouring to separate mixtures 
of the metals. 

The metals may be roughly grouped according as to whether 
they are deposited in acid, alkaline, or neutral solutions or as to 
whether they can be obtained as cathode or anode deposits. In 
any case, however, the grouping is only very relative, because as a 
rule metals which can be deposited from acid solutions may also 
be deposited from solutions which are alkaline or neutral. No 
special attempt will therefore be made to follow out any particular 
line of grouping, but as far as possible those metals will be placed 
first which are the most easy to deal with. 

Copper. 

Copper may readily be deposited from solutions which con- 
tain considerable quantities of nitric or sulphuric acid. But good 
deposits can also be obtained from cyanide solutions, and it is 
possible to employ solutions containing an excess of ammonia. 

Nitric Acid.— Dissolve about i grm. of copper sulphate 
or other copper salt in about 140 c.c. of water, and add 5 to 
10 c.c. of nitric acid (sp. gr. 1*42) to the solution, that is, from 
8 to 10 per cent, of the acid. If the flag electrode (p. 79) is 
employed, usually about 120 c.c. of water is sufficient, in which 
case proportionately less nitric acid must be used. The solution 
may either be electrolysed at ordinary atmospheric temperature, 
or heated from 45-50° C. ; in the latter case, the time required 
for the complete deposition of the metal is considerably lessened. 
The best C.D. to employ is from o’8 to i’2 amperes, with an 
E.M.F, of from 2 to 2*8 volts. A bright red film will be seen to 
flash across the cathode almost immediately the circuit is com- 
pleted. In cold solutions, from 2 \ to 3 hours will be required 
to completely deposit the metal ; with hot solutions the rate of 
deposition is considerably accelerated. 

End Reaction.— In order to ascertain whether all the 
mgtal has been deposited out, the level of the solution may 
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be raised — if a basin is being used — a few millimetres by 
pouring in distilled water; if, after about 10 minutes, no copper 
is deposited upon the clean platinum surface thus covered, the 
electrolysis may be considered as finished. In other cases, where 
a flag or cylindrical electrode is employed, withdraw about i c.c. 
of the solution by means of a pipette, transfer to a test tube, 
make alkaline with ammonia, then acid with acetic acid, and add 
a few drops of potassium ferrocyanide ; the formation of a brown 
precipitate or colouration shows that there is still some copper 
left in the solution, in which case, of course, it is necessary to 
continue the electrolysis until, on further testing with the reagent, 
no colouration is produced. 

Washing the Deposit.— As the electrolyte contains an 
excess of nitric acid in which the copper deposit is readily soluble, 
it is recommended by some writers to siphon off the solution and, 
at the same time, to run in distilled water ; by others, to add excess 
of sodium or ammonium acetate to fix the free nitric acid. 

CH , . COONa -f HNO, = CH3 , COOH + NaNO^ 

These precautions, however, are not necessary, provided the 
operator is a fairly quick manipulator. The author prefers to have 
a basin of water ready at hand, and an empty beaker or basin ; 
then, as soon as the circuit is broken, to pour the solution into the 
empty vessel and at once rinse out in the basin of water, after 
which to rinse out twice with distilled water, and, finally, with 
about 10 C.C. of absolute alcohol, ; ^ then, to dry in the steam oven 
for about ten minutes — or the dish may be dried by carefully 
holding above the flame of a bunsen burner. When a flag or 
cylindrical electrode is used, it should, on breaking the circuit, 

‘ The alcohol used should be of good quality, and must leave no residue 
on evaporation, Instead of using absolute alcohol, methylated spirit, which 
must contain no mineral oil, can be employed. It should, however, be first 
purified by allowing it to stand over caustic soda for twenty-four hours and 
then distilling. Quicklime is now added to the distillate, and, after standing 
for another twentyTour hours, the methylated spirit should again be distilled 
directly from the quicklime, without first filtering. Alcohol treated in this 
way is almost absolute, 
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be dipped into water, rinsed with distilled water, and finally with 
alcohol ; this is best done with a wash bottle, the electrode being 
held over a beaker in order that the alcohol may not be lost. 
Or it may be dipped in a beaker of alcohol. 

The deposit obtained from nitric acid is bright red, and 
generally has a more or less crystalline appearance. If the C.D. 
has been too high the deposit will very likely be “burnt” and 
have a brownish appearance, and may be of a powdery nature and 
non-adherent. When it is desired to electrolyse over-night, and 
this is often found very convenient, a C.D. of from o' 2 to o’3 of 
an ampere is used. It is generally advisable in this case to add 
more nitric acid, because owing to the reducing action of the 
hydrogen liberated at the cathode, the nitric acid becomes 
converted into ammonia. This formation of ammonia causes 
the deposit to be spongy and of a bad colour, when it is diflficult 
to wash and weigh. For running over night about 2 c.c. extra of 
nitric acid should be added for every 100 c.c. of solution. 

In commercial copper analysis, it often happens that there are 
small quantities of arsenic or antimony present in the metal to be 
analysed. When they are present there is a tendency for traces 
of these elements to be deposited along with the copper. If any 
considerable quantities of antimony or arsenic have been deposited 
their presence can generally be noticed by the deposit not being 
so bright and having a dark appearance (the darkness due to the 
deposition of antimony and arsenic is not the same as the “ burnt ” 
amorphous appearance produced by employment of excessive 
current densities). In order to eliminate this source of error, the 
electrode with the copper deposit is heated to dull redness for a 
short time, by which means the copper is converted into oxide, 
and the antimony and arsenic are volatilised. The copper oxide 
is then dissolved in nitric acid, and again electrolysed. Hollard 
and Bertiaux find that the addition of a small quantity of ferric 
sulphate prevents the deposition of the arsenic. The addition of 
small quantities of a lead salt prevents the deposition of the 
antimony. Where there are very large quantities of antimony 
and arsenic present, it is better to separate them by chemical 
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means before electrolysing. Tin, bismuth, mercury, and especially 
silver, also have a tendency to come down in small quantities, but 
' they are much less likely to do so if a considerable excess of nitric 
acid is employed. 

Sulphuric Acid. — ’The deposit obtained when sulphuric acid 
is employed as the electrolyte is not nearly so brilliant as when 
nitric acid is used, but is generally of a dull red appearance and 
has no crystalline surface. The analytical results, also, are 
hardly as good and reliable as in the preceding case : this method 
is very often employed for commercial analysis. 

The amount of sulphuric acid used should be from 7 to 10 per 
cent, and should not exceed the latter quantity. When concen- 
trated sulphuric acid is employed, from 4 to 5 '5 c.c. would 
represent the above quantities. About i grm. of the copper 
salt is sufficient AVith a current of o’8 ampere at atmospheric 
temperature the separation is completed in the course of two or 
two and a half hours. At temperatures of from 50 to 60° the 
separation is considerably accelerated. The K.M.F. required is 
from 2*5 to 3*2 volts. The C.D. should not be allowed to exceed 
o'5 to o'8 ampere, otherwise the deposit is spongy and dark and 
non-adherent. In any case, owing to the tendency to formation of 
spongy copper, this method is not so satisfactory as the preceding. 

If a small quantity of hydroxylamine sulphate is added to the 
solution, the deposit is much brighter, and less inclined to be 
pulverent. When it is desired to carry out the deposition over- 
night by use of a C.D. of from o'l to o' 2, the addition of 0*5 grm, 
of hydroxylamine sulphate is sufficient, and it is not necessary 
to add more than 3 c.c. of concentrated sulphuric acid; but 
for ordinary work, when currents of from i to i'2 amperes are 
employed, about t grm. of hydroxylamine sulphate and about 5 to 
6 c.c. of sulphuric acid should be used. Classen also recommends 
the employment of small quantities of urea to prevent the forma- 
tion of a spongy deposit. Although it undoubtedly has this effect, 
its use is not to be recommended, because small quantities of 
carbon and traces of platinum, from the anode, always contamiij^ite 
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the copper deposit, and thus the results obtained have a tendency 
to be too high. The exact action of these substances is not clearly 
understood. It is also as well to take similar precautions as those 
already described in breaking the circuit and washing the deposit. 

Potassium Cyanide, — Of all the copper deposits, the most 
beautiful is that obtained from solutions containing potassium 
cyanide. The colour of the deposited metal is pinkish red and 
beautifully smooth. But from other points of view the deposition 
from cyanide solutions has no advantage over the deposits 
obtained from acid solutions. In carrying out this process, the 
copper salt is dissolved in about 30 or 40 c.c. of distilled water, 
and then a freshly prepared solution of potassium cyanide added. 
A greenish yellow precipitate is at first produced, but, on adding 
more of the solution of potassium cyanide, it dissolves, a colour- 
less or straw-coloured solution being produced. Slightly more 
^ potassium cyanide than is necessary to dissolve the precipitate 
should be used, but any considerable excess must be avoided. 
Generally speaking, from r to 1*5 grams of potassium cyanide 
should be used for every gram of copper salt taken. 

The C.D. employed should be from o‘8 to 1*2 amperes. The 
E.M.F. required in cold solutions will be found to be about 5 to 6 
volts ; in warm solutions, from 4 to 5 volts. The whole of the 
copper is deposited in 2 to 2| hours. 
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Hittorf’s Explanation of Electrolysis of 
Complex Cyanides. 

When excess of a solution of potassium cyanide is added to a 
solution of a copper salt the reaction takes place in two stages ; in 
the first place, a greenish yellow precipitate of copper cyanide is 
produced ; thus — 

2KCN 4 - CuSO, = Cu(CN)o + K^SO, 
but, on adding a further quantity of the cyanide solution, the 
copper cyanide dissolves with formation of a complex salt 
potassium cupricyanide. 

2KCN + Cu(CN)2 = KA(CN), 

Now, potassium cupricyanide is ionised into the cations 2K and 
the anion Cu(CN)"4, therefore on electrolysis the first process 
will be for the K ion to be transported and given up at the 
cathode, while the complex anion Cu(CN)''4 will migrate to the 
anode. This anion Cu(CN)'4, however, is not stable in the 
molecular state, i. e. when deprived of its electrical charge, but 
is split up into 2(CN) and Cu(CN)2. In the mean time the 
potassium liberated at the cathode has reacted with some of the 
undecomposed potassium cupricyanide, which is then decomposed 
according to the equation — 

sK + KaCu (CN)4=4KCN + Cu- 
The copper thus liberated travels in the ionic state to the cathode, 
where it is deposited, and the regenerated potassium cyanide dis- 
solves the Cu(CN) 3 which has been deposited upon the anode 
regenerating the salt KjC^CN)*. As, beside the fact of this 
liberated potassium cyanide, there is always excess of cyanide 
present, ^nd as in any case the interactions are momentary, there 
is never a deposit of cupricyanide perceptible at the anode. 
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Many other methods for the quantitative deposition of copper 
have been devised. Thus, for example, electrolysis of solutions 
containing excess of ammonium hydrate, together with ammonium 
sulphate or, better, nitrate, but the depositions in this case are not 
nearly so satisfactory as those already given, neither is there any- 
thing to be gained by using Classen’s oxalate method. The 
ammonia method, as improved by Oettel, may sometimes be 
found useful in separation of copper from other metals, and when 
chlorides are present.^ 


Nickel. 

Nickel is a metal which it is impossible to deposit from 
solutions containing free mineral acids or excess of organic acids; 
Although a great number of methods have been suggested for 
the electrolytic deposition of nickel, only a very few of these are 
really of practical importance. Probably the most useful method 
is that of Fresenius and Bergmann, in which the double sulphates 
of ammonium or potassium and nickelj together with excess of 
ammonia, are used. The nickel salt is dissolved in water, and then 
about 4 or 5 grams of ammonium sulphate, also dissolved in 
water, added, and about 30 to 35 c.c. of ammonium hydrate 
(sp. gr. 880) ; the solution is then made up to the required bulk. 
If more than about i grm. of nickel salt is used, the amount of 
ammonium hydrate must be increased. As, however, the use of 
large quantities of ammonium hydrate contaminates the atmo- 
sphere of the laboratory, it is better to employ smaller quantities 
of -the salt rather than to increase the volume of ammonia ; on the 
other hand, if too little ammonia is used, the nickel deposit has 
often a dark brownish appearance, and there is a tendency for 
nickel oxide to be deposited at the anode. Nitrates should not 
be present; as their presence very considerably retards the rate of 
deposition of the nickel. When nitrates are present, the nickel 
salt should be evaporated down to dryness with a little sulphuric 
acid, in order to expel the nitric acid, before being electrolysed.^ 

* ZeiUf. Eledrochm.i 1894* 142. 

® Zeit. f. Anal. Cltm., XIX. 329. 
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The solution may be electrolysed at normal temperature with 
currents from i to 1*5 amperes; the E.M,F, will be from 2*8 to 
3' 5 volts. Under these conditions the electrolysis will be com* 
plete in about two and a half hours. When the solution is warmed 
to from 45'’ to 50”, one and a half to two hours will be required. 
The appearance of the deposit varies from a silver grey to that of 
burnished platinum; sometimes it is difficult to tell where the 
nickel deposit leaves off and the platinum begins. 

End Reaction.— When the solution has become colourless, 
withdraw about i c.c, by means of a pipette, and add a few drops 
of sulphuretted hydrogen water; if a brown coloration is pro- 
duced, all the nickel has not been deposited. The electrolysis 
is then carried on until, on further testing, no coloration is 
produced. Yellow ammonium sulphide should not be used in 
this test, because the yellow colour often masks the brown colour 
of the nickel sulphide. Neither should only a single drop of 
the electrolyte on the end of a glass rod be taken, as is often 
recommended, in testing for the end reaction, because it is 
often the case that no brown appearance is shown by a single 
drop, yet on taking i c.c. of the electrolyte and treating it with 
sulphuretted hydrogen, distinct traces of nickel can be found in 
the solution. 

As soon as all the nickel has been deposited, wash the cathode 
several times with distilled water, then with a little alcohol, and 
dry in the steam oven or over the biinsen flame — this, however, 
must be done cautiously. 

Removal of Deposit. — Nickel, when electrolytically 
deposited, has a great tendency to become “passive ; ” it is for this 
reason, as a rule, very difficult to dissolve. Warm nitric or sul- 
phuric acid may be used for dissolving it. Great care must be 
taken that the whole of the nickel has been dissolved off the 
cathode before it is again ignited, preparatory to further use. 
The nickel deposit is at times so bright that it is not easy to tell 
for certain whether the whole of the deposit has been dissolve4 or 
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not ; it is very harmful to the platinum electrode to ignite it while 
there is still a trace of the deposit upon it, as it will be found that 
black marks are formed upon it which are only removed with great 
difficulty. 

Satisfactory deposits cannot readily be obtained from neutral 
solutions of nickel containing neutral inorganic salts. Thus, 
when a solution of a neutral salt of nickel containing sodium or 
potassium sulphate is subjected to electrolysis, it is only by using 
a high RM.F. that it is possible to deposit the nickel ; but since, 
owing to the ready conductibility of a solution of such a salt, a 
high E.M.F. can only be obtained by employing a relatively high 
current, or by having the electrodes placed a great distance apart — 
this solution is not convenient to employ. Neither is a satisfactory 
deposit obtained when the double cyanide of nickel and potassium 
is used. 

Organic Salts. — Very good deposits of nickel can be 
obtained by using ammonium oxalate or tartrate, but when these 
organic salts are used there is a tendency for the deposit to be 
more or less contaminated with carbon; if, however, the C.D. 
employed is not too high the results are usually quite satisfactory. 

Double Oxalate. — The solution may be prepared by dis^ 
solving the nickel salt in water, and then dissolving 4 to 5 grams 
of ammonium oxalate in water and adding this solution to that of 
the nickel salt. It is best to electrolyse at a temperature of from 
45® to 50°. Withacunent of i ampere the separation will be com- 
plete in from four to five hours; the E.M.F. will be from 3 to 3*5 
volts. When the deposition is conducted at ordinary temperatures, 
the time required is from 5^ to 6| hours. The deposit may have 
a brilliant polished appearance or may be matt and greyish. 

Double Tartrate. — The deposit obtained when a solution 
containing the double tartrate of ammonia and nickel is electrolysed 
is generally very brilliant, and the results are quite as trustworthy 
as when the oxalate is employed. About 3 grams of ammonium 
taKtrate is sufficient, and the C.D. should not exceed 0*9 ampere, 
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and is better to be o’4 to o'6. With a temperature of about 40® 
the deposition of the metal is complete in four to five hours ; the 
E,M.F. is from y 8 to 5*5 volts. Exceedingly brilliant deposits 
are obtained when a current of o' 10 to o'2o ampere is employed, 
and the electrolysis conducted over night. Specks of carbon are 
often noticed when the deposit obtained from organic salts is dis- 
solved in acid, owing to carbon being deposited along with the 
metal. 

Ammonium Hydrate and Ammonium Borate.^-This 
solution is made up by dissolving the nickel salt in about 30 c.c. 
water and then adding about 70 c.c. of a solution consisting of 50 
grams of ammonium borate dissolved in 700 c.c. water and 300 
c.c. of ammonium hydrate (sp. gr. o'88). Use a current of 0*5 to 
I ampere, and electrolyse at about 30°. Or the solution may be 
electrolysed cold with a current of o' 2 to o'4 of an ampere, and 
run overnight. Sometimes there is a tendency for a slight anode 
deposit to be formed ; if this is noticed, the addition of a few cubic 
centimeters of strong ammonia will cause its disappearance. The 
time required is from three to four hours. This method has been 
found by the author to be very accurate, but the appearance of 
the deposit is not so fine as when the other methods are employed, 
being usually of a dead silver-white colour, which at times has a 
distinct brownish or smoky tinge. 

Although a solution confining sodium phosphate and phos- 
phoric acid gives such very good results in the case of cobalt 
(p. 98), it is not so satisfactory when employed with nickel, 
the results being rather low. 
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Cobalt. 

Nickel and cobalt are chemically and physically very much 
alike in character, and for this reason all chemical methods of 
separating these metals are beset by considerable difficulties; 
electrolytically the same difficulties exist. Cobalt is a much 
more difficult metal to separate from its solutions in the pure 
state than nickel. Not only are the results almost invariably 
slightly too high, but generally the appearance of the deposit 
leaves very much to be desired, being often of a brown to black 
appearance, and it is only rarely that it can be obtained as a 
really brilliant deposit. 

But, strange as it may appear, it often happens that the de- 
posits which are marked by their unsightly appearance give just 
as good— if not better — results analytically than those which are 
bright. The author has made a very careful study of the best 
electrolytes and conditions for obtaining accurate analytical 
results and, at the same time, satisfactoiy deposits of cobalt. 

Extremely brilliant deposits may be obtained when sodium 
hypophosphite is added to the electrolyte, but as a rule the 
results are about 5 per cent, too high, owing to the deposition, not 
of pure cobalt, but of a phosphide of cobalt. Fairly correct 
analytical numbers can be obtained by using ammonium sulphate 
and ammonia, but the deposit is almost invariably of a dark-brown 
colour. Of organic salts, ammonium tartrate gives the best 
deposit, but the results are usually slightly too high. The reason 
that the electrolytic deposition of cobalt is generally slightly too 
high is probably due to -the fact that cobalt is more readily oxi-' 
(Usable than nickel; and- yet this seems strange, because a good 
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deposit of cobalt retains its brightness in moist air equally as 
well, if not better than nickel# The most .satisfactory results, both 
analytically and from point of view of the appearance, are obtained 
with sodium phosphate (NaH3P04) and phosphoric acid. 

Ammonium Sulphate and Ammonia.— Make up the 
solution as described under nickel, fexcept that it is better to add 
a rather larger quantity of ammonia, from 35 to 40 c.c. (sp. 
gr. o’88). In order to obtain the best deposits it is advisable to 
commence electrolysing with a low current of from 0*3 to o’q 
ampere, and the temperature of the solution should be from 30“ to 
40°. After the electrolysis has proceeded for about an hour, 
the CD. may be increased to t ampere. The removal of the last 
traces of cobalt takes considerably longer than is the case with 
nickel, the deposition often requiring more than four or five hours, 
and there is therefore a tendency to obtain rather low numbers, 
unless the current is passed for a considerable time. 

End Reaction. — This is found by the same method as that 
used for nickel, i.e, with sulphuretted hydrogen. Or take a few 
drops of the electrolyte, place in a. test tube, make just acid with 
acetic acid, and add about 2 c.c. of ammonia thiocyanate ; then 
add 2 C.C. amyl alcohol and i c.c. ether. On shaking up, if any 
cobalt remains in solution an intense blue colour is produced 
in the ether and amyl alcohol layer. This latter test is extremely 
delicate. 

Removal of Deposit. — Contrary to the experience with 
nickel, cobalt deposits are extremely readily removed on the 
addition of moderately strong nitric acid. The cobalt shows no 
tendency to assume the passive state. 

Amn\onium Tartrate. — The cobalt is dissolved in a little 
water artd a solution of about 3 grams of ammonium tartrate 
added to it, after which the mixture is made up to the required 
volume with distilled water. The pink solution thus obtained is 
subjected to electrolysis with a commencing current of o’2 to o’4 
ampere, which is raised after an hour .to i ampere, or, in cases 

H 
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where the electrolysis is conducted overnight, the lower current is 
employed throughout. With the higher current the time required 
is about four or five hours. The results obtained are usually 
slightly high, owing to small quantities of carbon being deposited 
along with the cobalt. The deposited cobalt often has a brilliant 
burnished appearance, more especially when the electrolysis is 
carried out with low currents. It may, however, have a smoky 
and brown surface. 

Ammonium Oxalate.— The solution is made up in a 
similar manner to that described for nickel (p. 94). The C.D. 
should be low at the commencement of the operation, but may be 
• raised to 1*4 ampere after the first fifty minutes. Generally speak- 
ing, the deposit has a very poor appearance, but sometimes it is 
quite bright, as if it had been burnished. The time necessary for 
the operation varies from 5 to 6^ hours. When a low current is 
employed and the electrolysis is conducted overnight, it is usually 
advisable, in order to remove the last traces of cobalt, to raise the 
current to i or 1*3 amperes for half an hour before disconnecting 
the electrodes. As with the tartrates, so with oxalates, small 
traces of carbon are usually deposited along with the metal, and 
’ the results are thus slightly high. 

Ammonia and Ammonium Borate —The cobalt 
deposits obtained by electrolysing solutions containing borates are 
not generally very sightly, and the results are usually rather high, 
but are more accurate than by any of the previous methods 
described. The solution and the conditions are the same as those 
described under nickel (p. 95). 

Sodium Phosphate and Phosphoric Acid.— The solu- 
tion from which the most exact results can be obtained is one 
containing sodium di-hydrogen phosphate and a little free 
phosphoric acid. The solution is made up by adding 2 c.c. of a 
5 per cent, solution of phosphoric acid to the cobalt salt, dissolved 
in 70 to 80 c.c. of water; and then 20 to 35 c.c. of a 10 per cent, 
solution of, di-bydrogen sodium phosphate is run in from a burette. 



Electro-Chemical Analysis. 99 

The solution should be stirred with a glass rod during the addition 
of the sodium phosphate, to prevent the formation of the double 
salt of cobalt and sodium phosphate. The solution is then made 
up to the required bulk, and electrolysed. 

It is important to use di-hydrogen sodium phosphate or the 
corresponding ammonium or potassium salt, because if NagHPO^ 
or NagPOi are employed, the double salt of sodium and cobalt 
phosphate precipitates out as an almost insoluble purple powder, 
and it requires the addition of large quantities of phosphoric acid 
to bring it into solution again. It might be supposed that equally 
satisfactory results would be obtained by adding a large quantity of 
phosphoric acid in the first case, but as it is very difficult to gauge 
the right quantity of phosphoric acid which it is necessary to add, 
this is not to be recommended. 

The electrolysis should be commenced cold with a low C.D, 
of o'2 to o‘3 ampere; after about an hour the current may be 
raised to o‘8 to 1*2 ampere, and the solution warmed to from 50° 
to 60°. It often happens that when the electrolysis has pro- 
ceeded for some thirty or forty minutes a brown anode deposit is 
obtained; this is especially the case when the electrolysis is 
commenced hot, the deposit being in this case sometimes quite 
black. It will be found that the addition of 0*1 to 0*2 grm, of 
hydroxylamine sulphate or chloride causes the almost immediate 
disappearance of the anode deposit If, after being removed, 
the deposit returns again, a further addition of the hydroxylamine 
salt may be made. Formaldehyde can also be used to remove 
the anode deposit, but it acts very much more slowly, The 
following conditions will be found to give satisfactory results — 

C.D 0‘2 increasing to i'2 ampere. 

E.M.F. . , . 2'o to 3'5 volts. 

Temp. . , . cold at commencement, but may be raised 

to 50 or 60° after about an hour. 

Time .' , , . 4 to 6 hours. 

ITie deposit is almost invariably brilliant, being very rarely 
marrei by burning. It is an advantage, after the solutiorl has 
become colourless, to add a few drops of very dilute ammonia to 
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neutralise the excess of acid which has been formed during the 
electrolysis. The neutralisation of the acid causes the last traces 
of cobalt — which are always rather difficult to precipitate — to be 
deposited much more rapidly. 

'Phis method gives a better deposit and more accurate results 
than any other process at present in use, 
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Iron. 

Owing to the fact that, on electrolysing neutral solutions of 
iron salts of inorganic acids, ferric hydrate is always precipitated 
at the anode, and that it is not possible to deposit iron quanti- 
tatively from solutions acidified with mineral acids, it is only 
possible to obtain deposits of iron, which are satisfactory from an 
analytical point of view, by t^ing salts of organic acids in the 
electrolyte. It is a well-known fact that the presence of most 
organic acids prevents the precipitation of iron from its salts as 
hydrate by means of ammonia, and this fact is sometimes made 
use of in ordinary qualitative analysis to separate the iron from 
such metals as cerium, for example. But among organic acids or 
salts of organic acids, there are very few which can satisfactorily be 
employed as electrolytes in the electrolytic analysis iron j the 
reason being that, with organic acids of lugher mol^);lqt,yeight, 
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the iron deposit invariably contains traces of carbon, which at 
times are so considerable as to cause really serious errors. 
Furthermore, practically only salts of ammonia may be employed ; 
salts of sodium or potassium cannot be used because, as the 
organic acid is decomposed, carbonates of these metals are 
produced, and this causes precipitation of hydrated carbonate of 
iron. But whatever organic acid is employed, even with oxalates 
and tartrates, carbon is invariably deposed to a more or less 
extent with iron. Further, the .higher the current density, the 
greater the tendency for deposition of carbon to take place. As 
a matter of fact, the small traces of carbon deposited along with 
the iron, when the ammonium salts of oxalic and tartaric acid 
are employed, do not seriously interfere with the value of the 
process, because it is extremely difficult, if not impossible, to 
throw out the last traces of iron which remain in the solution, and 
it is found that the slight error due to the deposition of carbon, 
along with the iron, is practically counterbalanced by the small 
traces of iron which remain in the solution. There is, however, 
some diversity of opinion upon this subject; Classen, for 
example, considers that if the current is kept below i ampere, 
carbon is not deposited ; other authorities, however, are unable 
to agree with Classen upon this point. 

Ammonium Oxalate.— This method, which was first 
suggested by Classen, is the one generally recommended for 
analysis of iron. The iron solution, which should be free 
from chlorides or nitrates, must be poured into the solution of 
ammonium oxalate, if it is in the ferrous condition ; otherwise, if 
the solution of ammonium oxalate is added to the solution of the 
ferrous salt, a precipitate of ferrous oxalate is produced, which can 
only be dissolved again with considerable difficulty, if, indeed, it 
is possible to dissolve it at all. With ferric salts, it does not 
matter whether the oxalate is added to the iron salt or the iron 
salt to the oxalate. 

Dis§olv^5 to 7 grm. of ammonium oxalate or acid ammonium 
oxalate^ip fc 'smali quantity of hot water, and add the iron salt-^ 
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ferrous ammonium sulphate— also dissolved in a little water, and 
make the solution up to about 150 c.c. As the electrolysis 
proceeds it will sometimes be noticed that a small quantity of 
ferric hydrate separates out in the form of a flaky precipitate ; if 
this takes place it is necessary to add small quantities of oxalic 
acid to dissolve the precipitate. The formation of this precipitate, 
which is due to the solution becoming alkaline as the electrolysis 
proceeds, is the chief objection to the oxalate method, because 
more attention is required than in the case of the tartrate, in 
which this does not occur. According to Smith and Muir,^ the 
addition of 5 c.c. of a saturated solution of borax is an advantage, 
extremely good results being obtained when this substance is 
present. 


C.D. 

E.M.F. 

Temp. 

Time. 


CONDITIONS. 


I. 


II. 


0*6 to \ '2 ampere. 
4 to 4‘3 volts, 
normal. 

4 to 5 hours, 


C.D. . . . 0'6 to I ampere. 

K.M.F. . . 3*7 to 4'3 volts. 

Temp., . . 50^1060®, 

Time . . . 2’5 to 3*5 hours. 


End Reaction. — Withdraw at least i c.c. of the solution 
from the electrolyte, acidify with hydrochloric acid, and add at 
least two or three cubic centimeters of a solution of potassium 
thiocyanate. As long as a red coloration is produced it is 
necessary to continue the electrolysis. 

The deposited iron has generally the appearance of polished 
steel, but at times it has a rather foggy look, or may have 
brownish streaks. As soon as the electrolysis is finished, the 
deposit is washed, as rapidly as possible^ with distilled water, and 
then with absolute alcohol, and dried either, in the steam oven or 
by carefully holding above the Bunsen flame. If it is not dried 
fairly rapidly, the results may be too high, owing to slight super- 
ficial rusting. Dilute sulphuric acid is the best solvent. When 
the deposit is dissolved, minute specks of carbon may be noticed 
in the solution, and the hydrogen given off usually has that 


' Amer. Ckeih, Soc,^ 18 , 654. 
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jieculiar smell which is produced when metals containing carbon 
are dissolved in acids. 

Ammonium Tartrate. — Dissolve 3 to 4 grm. of ammonium 
tartrate in water, and add the iron salt to the solution; or the 
solution of ammonium tartrate may be added to the iron solution. 
The yellow solution thus obtained is electrolysed with a C.D. of 
I to 1*3 amperes, the E.M.F. being about 4*7 to 6 volts. One 
advantage in using the tartrate solution is that there is never 
precipitation of fenic hydrate, as is often the case when 
ammonium oxalate is employed; therefore the process requires 
less attention. It will be found, as in the case of oxalates, that 
the metallic deposit always contains traces of carbon; therefore 
the tendency is for the results to be fractionally too high. But 
according to a long series of experiments carried out by the 
author, if the C.D. is not allowed to rise too high, this is 
negligible. With currents of from o'8 to i*i ampere, the time 
required for complete deposition is from af to 4 hours. When 
the electrolysis is carried out overnight, a current of 0*25 to 
0*4 ampere is sufficient. 

It will be found that the iron from ferric salts takes an 
appreciably longer time to deposit than the iron from ferrous salts. 


Electrolysis of Iron Salts containing an 
Organic Radical. 

Many pharmaceutical preparations of iron contain the iron 
united with an organic acid. Since the presence of the organic 
radical prevents the precipitation of the iron on the addition of 
ammonium hydrate, the analysis of these substances by ordinary 
chemical inethods is rather troublesome. These iron salts can 
often be directly analysed electrolytically by dissolving them in 
watt* and adding 4 or 5 grm. of ammonium tartrate, making up 
to the required bulk and electrolysing. 

Generally speaking, the deposition is rather more protracted 
than when iron salts with an inorganic radical are analysed, but 
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the excess of time is not very great except with iron salts of 
citric acid, in which case it is often very tedious. 
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Mercury. 

Ordinary chemical methods of analysing mercury are rather tire- 
some, but it is very readily separated from its solutions by means 
of the electric current. Further, it adheres tenaciously to platinum, 
especially if it has been sand-blasted, and is therefore readily 
weighed.' A gauze flag electrode is best suited for determinations 
of mercury, because very considerable quantities of mercury will 
adhere to it, without falling off. The author has also obtained 
very satisfactory results with a gold cathode containing 5 per cent, 
of platinum to stiffen it. The mercury adheres very firmly, pro- 
ducing an amalgam. It is, however, readily removed by heating 
the electrode in the Bunsen flame. See Note, p. 284, 

The solutions from which the metal may be deposited are 
those containing nitric or sulphuric acid ; hydrochloric acid can 
also be employed, and very satisfactory results may be obtained 
from solutions in sodium sulphide or in potassium cyanide. 

Sulphuric Acid,— The mercury salt is dissolved in water, 
and from i to 2 c.c. of concentrated sulphuric acid added for 
every 100 c.c. of solution. The electrolysis is conducted with a 
C.D. of from 0*3 to o‘8 ampere; towards the end of the opera- 
tion the current may be increased to i ampere. The potential 
difference is from 3*3 to 3*6 volts. The operation can be carried 
pqt at ordinary temperatures, but it is more rapid when a temperature 
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of from 50® to 60'* is employed. During the electrolysis mercurous 
salts are often produced owing to cathodic reduction, and are 
precipitated. As a rule, however, this causes no trouble, as they 
gradually pass into solution, and are then deposited out as metallic 
mercury. The addition of a few drops of hydrochloric acid causes 
their more rapid disappearance. As a matter of fact, mercurous 
salts can be directly employed ; in this case they are suspended in 
water with the requisite quantity of sulphuric acid (see above), 
a few drops of hydrochloric acid added, and the current passed. 
Even such insoluble compounds as cinnabar can be analysed in 
this way, The most satisfactory method of getting rid of the 
mercurous salts is to add a small quantity of ammonium or 
potassium persulphate. The persulphate gradually oxidises the 
mercurous salt to the mercuric condition. It is not advisable 
to add large quantities of the persulphate at one time; about 
o.i grm. should be added from time to time. The formation of 
the mercurous salt can be entirely prevented by adding the 
persulphate at the commencement of the electrolysis. 

End Reaction. — In order to ascertain whether all the 
mercury has been deposited, about 1 c.c. of the solution is drawn 
off, and a little sulphuretted hydrogen water added ; if the solution 
becomes brownish, this shows that all the mercury has not been 
deposited. Or a small piece of thin copper wire may be hung 
over the cathode, so that it just dips in the liquid; if, after 
ten minutes, there is no deposit of mercury on the copper wire, 
the electrolysis may be considered at an end. 

Washing the Deposit. —The mercury adheres firmly to 
the cathode in the form of minute globules. As soon as the 
process is finished, the cathode is washed several times with water 
and dried in a desiccator. The use of alcohol is not permissible, 
as it loosens the globules and also coats the mercury with a thin, 
greyish pellicle. When, however, a gold cathode is employed, 
there is no objection to washing with water, and then with 
alcohol, because the mercury is amalgamated with the surface of 
the cathode. As drying in a desiccator takes some hours, lit is 
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therefore recommended to use a gold flag electrode, made of sheet 
gold ] because, after washing with absolute alcohol, the electrode 
can be dried in a few minutes by means of an air blast* It should, 
however, after the alcohol has been driven off, be placed in a 
desiccator for half an hour before weighing. The mercury is 
readily removed from the gold electrode, by heating it to low 
redness in the flame of a Bunsen burner. 

Nitric Acid. — Add from 2 to 3 c.c. of concentrated nitric 
acid to every 1 00 c.c. of solution, and electrolyse at a temperature 
of about 50°. The time required for about o’5 grm. of mercuric 
chloride is from 4 to 5 hours. 

CONDITIONS. 

C.D o'l to o'2 ampere, 

E.M.F. 2 to 2’3 volts. 

Owing to the presence of nitric acid the end reaction in this case 
is best ascertained by neutralising with ammonium, and adding 
a few drops of hydrochloric acid and then sulphuretted hydrogen. 

Hydrochloric Acid. — When hydrochloric acid is employed 
as the electrolyte, only a small quantity should be used, not more 
than I c.c. to the too c.c. of solution. The current conditions 
are the same as those described for sulphuric acid. Several other 
methods have been suggested for the electrolysis of mercury 
solutions. Classen, for example, uses ammonium oxalate ; Edgar 
F. Smith obtains good results from a solution containing potassium 
cyanide, and also from solutions containing sodium sulphide. 

Sodium Sulphide. — From 20 to 25 c.c. of sodium sulphide, 
prepared as described on p. 281, is added to the mercury solution, 
which is then made up to 125 to 150 c.c., and electrolysed under 
the following conditions : — 


C.D O'li to o'i5 ampere. 

E.M.F 2‘5 to 27 volts. 

Temp. . . . . . . . 65® to 70® 

Time. . 4 to 5 hours, 


If the mercury salt is contained in an acid solution, the mercury 
canji)e precipitated as sulphide by passing hydrogen sulphide into 
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it, which, after filtering off and washing, may be dissolved in 
20 to 25 C.C, of sodium sulphide solution. 

The deposit of mercury obtained is bright and adherent. 
E, Smith has employed this method for the direct analysis of 
cinnabar. The finely powdered cinnabar is placed upon the 
bottom of a weighed platinum basin, which is made the anode, 
and the mercury deposited upon a platinum spiral, which should, for 
this purpose, be sand-blasted. The estimation, according to Smith, 
employing the conditions set out above, does not exceed 3 hours. 

Potassium Cyanide. — From i to i'5 grm. potassium 
cyanide is used for every 0*1 to 0*2 grm. of metallic mercury. 
CONDITIONS. 


C.D 0'02 to O' 10 ampere. 

E.M.F r6 to 3'4 volts. 

Temp 65“ 

Time 3 to 4 hours. 


The metal when deposited from this solution coats the electrode 
evenly, and has a greyish appearance. 

Estimation of Mercury in Pharmaceutical 
Preparations. 

It sometimes happens that the estimation of mercury in 
pharmaceutical preparations, especially substances containing an 
organic radical, is a matter of considerable difficulty; electro- 
lytically, however, there is no difficulty in the estimation. 

It will depend upon circumstances which of the methods 
described will be found the most convenient to employ. Mercury 
tannate, for example, dissolves readily in sodium sulphide ; it can, 
therefore, be readily deposited from this solution. Lister’s cyanide 
may be estimated from cyanide solutions. Mercury salicylate, and 
other organic substances which do not readily dissolve in either 
of these solvents, are best determined from solutions containing 
nitric or sulphuric acid. 

When nitric acid is employed, the substance should be covered 
with a little fuming nitric acid, and heated until most of the organic 
material has been oxidised. The product is then diluted twith 
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water, and elecfrolysed as usual. When sulphuric acid is, used, 
the substance is covered with concentrated sulphuric acid, about 
1 grm. of ammonium or potassium persulphate, and the mixture 
heated until the, at first, black mass becomes nearly colourless ; it 
is then diluted with water, filtered if necessary, and electrolysed 
as described on p. 104, ■ 

Note.— W hen a basin electrode is used as cathode for the 
analysis of mercury, .there is a tendency fqr the results to be too 
low, more especially when the temperature of the bath rises 
above 50°— the electrolysis is often conducted at 70°; — Bind- 
schedler has shown that this is due to the evaporation of the solu- 
tion, and the consequent exposure of the already deposited metal 
to the atmosphere*. With the flag electrode, which dips completely 
below the surface of the solution, this difficulty does not arisei 
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Antimony, 

One of the most important properties of antimony is its power 
to form complex anions. It forms, in fact, two monovalent anions, 
antimonious (SbOa) and antimonic (SbOjj ). It further has the power 
of forming thio-salts, in which the oxygen is replaced by sulphur; 
we have thus thio-antimonious anions (SbSj) and thio-antimonic 
anions (SbSa). From the point of electro-chemical analysis the salts 
of these of anions are of the greatest importance, because it is from 
them that we obtain the most satisfactory deposits of antimony. As 
a matter of fact, antimony can be precipitated from acid solutions^ 

‘ From hydrochloric acid solutions an explosive variety of antimony is 
obtaiifsd, which, according to Gore, contains about 6 per cent, of trichloride. 
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and from solutions containing potassium oxalate, tut the deposits 
do not adhere firmly or satisfactorily to the cathode. Tartrates 
may also be employed, and satisfactory quantitative results can be 
obtained from neutral tartrate solutions, which are electrolysed at 
high temperatures. 

Ammonium sulphide or sodium sulphide may be employed, 
preferably the latter, because, when ammonium sulphide is used, 
especially if it contains -polysulphides, there is usually a certain 
quantity of sulphur deposited upon the precipitated metal. It is 
a rather difficult matter to remove this sulphur, which generally 
forms a thin and homogeneous skin over the metallic deposit. 
But after washing with alcohol, the sulphur can be removed by 
carefully rubbing with a piece of rubber-tubing 'festened on to the 
end of a piece of glass rod. Of course another ob jetton to the use 
of ammonium sulphide is its unpleasant smell, and its action upon 
the metallic instruments in the laboratory. Sodium sulphide, 
which was first suggested by Classen, is not open to the above 
objections, and gives very good results; it has the additional 
advantage that, when present in excess, it prevents the deposition 
of tin. The sodium sulphide (Na^S) used must be pure; the 
method of preparation will be found on p. 281. A. Fischer and 
also A. Hollard recommend the addition of potassium cyanide to 
the sodium sulphide solutions, as this prevents the formation of 
polysulphides, and consequently the deposition of sulphur. The 
action of the potassium cyanide upon the polysulphides is to form 
potassium thio-cyanate thus— 

Na^S, + 3KCN = 3KCNS + Na^S 

The sodium sulphide ^ may be added in excess to the solution of 
the antimony salt, so long as this is not acid ; but it is preferable 
to acidify with dilute hydrochloric acid, and saturate the solution 
with sulphuretted hydrogen. The precipitated antimony sulphide 
is then filtered and washed with hot water, and can be directly 
dissolved off the filter-paper by pouring on sodium sulphide. 

* Potassium sulphide is not permissible, because complete; deposition does 
not take place from its solution. 
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Gauze or roughened electrodes should be used' for antimony 
deposits, because the metal does riot adhere well to polished 
surfaces, and therefore such surfaces can only be used when the 
amount of antimony is very small. 

70 to 80 c.c. of the solution of sodium monosulphide, pre- 
pared as described on p. 281, is used for dissolving the sulphide, 
or is added to the antimony solution. It is best to electrolyse at 
a temperature of 50° to 60°, with a current of from o*8 to i 
ampere; the E.M.F, is between i'3 to 2*5 volts. Under these 
conditions the time required is from 2^ to.3^ hours. When a cold 
solution is electrolysed with a current of from 0*2 to o'4 ampere, 
the time required for complete deposition is from 17 to 18 hours. 

The reaction may be represented as one of reduction of the 
anion ShS^'". 

3Na‘SbS;;" -I- 3H = 3Na'HS' + sSb 
When antimony is obtained in solution with polysulphides, as, for 
example, in analysis, the excess of sulphur which is then present 
would make the solution unsuitable for electrolytic determinations. 
Classen recommends heating the solution with an excess of 
ammoniacal hydrogen peroxide until it becomes colourless. It 
may happen, if too large an excess of the peroxide has been 
added, that, owing to the decomposition of the alkali sulphide, 
antimony sulphide is precipitated. As soon as the solution is 
colourless, or if sulphide of antimony has been precipitated, about 
70 C.C. of the solution of sodium sulphide is added. Or, instead 
of using hydrogen peroxide, a solution of potas’sium cyanide may 
be added until the yellow solution becomes colourless. 

End Reaction. — The end of the electrolysis can be told by 
hanging a small piece of platinum wire over the cathode for about 
ten minutes; if there is no deposit, this shows that all the 
antimony has been thrown out. Or : c.c. of the solution may be 
withdrawn, and acidified with hydrochloric acid. An orange 
precipitate or coloration shows that the process must be 
continued. 

If ammonium sulphide is used instead of sodium sulphide, it 
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is best to employ the hydrosulphide NEjHS, as there is less 
likelihood of sulphur being deposited at the cathode, although 
as a rule a certain amount is deposited on the anode. 

Removal of the Deposit.— The antimony can be dissolved 
off the cathode by means of a mixture of nitric and tartaric acids. 
When tartaric acid is not used, antimony oxide is formed, and this 
is sometimes rather difficult to remove. 

Deposition from Sulphide Solutions containing 
Potassium Cyanide.—The antimony salt or sulphide is treated 
with 6o or 8o c.c. of sodium sulphide, as already described, and 
from 20 to 30 c.c, of a freshly prepared solution of potassium 
cyanide run into the solution; if this quantity is not sufficient 
to cause the solution to become colourless, more must be added 
until the solution is no longer coloured. 


CONDITIONS. 

C.D o’3 too'8 ampere, 

E.M.F r7 to i’9 volts. 

Temp 20*^ lo 30® 

Time 5 lo 6 hours. 


With currents of o‘i to o‘2 ampere and in a cold solution, the 
time required is about 18 hours. 

From Tartrate Solutions,— As is well known, antimony 
compounds readily dissolve in tartaric acid or tartrates. The 
deposition of antimony from solutions in free tartaric acid is very 
slow, and the E.M.F. required is high owing to the small amount 
of ionisation of tartaric acid. On the other hand, the whole 
of the antimony can be deposited in 2^ to 3 hours, when a neutral 
solution of ammonium tartrate is employed. When deposited 
from cold solutions, the metal is rather amorphous in character, 
but with care it may be washed and dried. When deposited 
with low currents and at high temperatures, the metal adheres 
very firmly and is often quite brilliant. The solution is prepared 
by dissolving the antimony salt in water, and adding 8 to 10 grm. 
of ammonium tartrate ; or it is dissolved in tartaric acid, and the 
solution then neutralised with ammonia. 



C.D. . 
E.M.F. 
Temp. 
Time . 
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I. 


CONDITIONS. ■ 

i It 


0*25 to 0*5 ampere. 
3 voUs. 

70° to 80® 

2 \ to 3 hours. 


C.D. , . 0*2 ampere, 

E.M.F. . 2*5 volts. 

Temp. . ordinary temperature. 
Time . . all night. 


LITERATURE. 

Parodi and Mascazzini, Zeit. f. Anal. Ckem., XVIII. 588 j Luckow, 
Zeii.f.Anal. Ckem.^ XIX. 13 ; Classen and Von Reiss, Ber., XIV. 1622 ; 
Ibid., XIV. 1622; Ibid., XVI 1 . 2467; Ibid., XVIII. 1104; Brand, 
Chem. Zeil., 1889 , 1219 ; Vortmann,. 5 ^r., XXIV. 2762 ; Kolin, British 
Assoc. Report, 1896, 251 ; Riidorff, Zeit.f. Angew. Ch'em., 1892, 199 j 
Classen, Ber., XXVI I. 2060 ; Fischer, Ber., 38 , 2348 ; Hollard, Bull. 
Roc. Chini., 29 , 262. 


Tin. 

Tin, like antimony and arsenic, forms oxides which have an 
acidic characCer, and, like these elements also, has the power of 
forming thio-salts. The capacity for giving thio-salts is linked with 
the capacity of these metals to form acid oxides. Just as these 
oxides dissolve in alkalis, so the sulphides dissolve in alkaline 
sulphides. As is the case with antimony, so one of the most 
satisfactory methods for depositing tin is from the thio-salts ; in 
this case, however, not, as with antimony, from the sodium salt, 
but from its ammonium salt. In weak solutions of sodium 
sulphide, tin is only partly precipitated, while in strong solutions 
it is not thrown out at all. Hence we have here a method for 
the separation of tin and antimony. See p. 181, 

Deposition from Ammonium Sulphide. — Sufficient 
yellow ammonium sulphide to dissolve the precipitate first formed 
is added to solution of the tin salt. If the solution is acid it 
must first be neutralised with ammonia; and if in doing this a 
slight precipitate is caused, it may be neglected, because the 
action of the ammonium sulphide will dissolve it. The solution 
is then made up to the required volume with distilled water, and 
electrolysed at a temperature of 50°. to 60°. The current density 
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may be from i to ^'8 amperes, and the E.M.F. will be from 3-5 
to 4’5 volts. With these conditions the time required is from 3^ 
to 4I hours. If sulphur is deposited upon the cathode it can, 
after washing with alcohol, be removed by gentle rubbing with a 
piece of rubber fixed on the end of a glass rod. 

When, as is sometimes the case in analysis, the tin is already 
in solution with sodium sulphide, it is necessary to convert it into 
the ammonium salt before electrolysing it. To do this, Classen 
recommends the addition of from 20 to 25 grm, of pure ammonium 
sulphate to the solution, which is then gently warmed until no 
more sulphuretted hydrogen is evolved; it is then kept gently 
boiling for another 10 or 15 minutes. When the conversion into 
ammonium sulphide is complete, the solution becomes greenish 
yellow. If the mixture is heated too long, tin sulphate or hydrate 
may separate out, in which case it is dissolved in ammonium 
sulphide. If, after cooling, any sodium sulphate should crystallise 
out, it is dissolved by the addition of water. 

EAd Reaction. — Withdraw about i c.c. of the solution, 
acidify with dilute sulphuric acid, and gently warm. If the solu- 
tion deposits brown or yellow stannous or stannic sulphide, the 
electrolysis must be continued. A small quantity of sulphur will, 
of course, be precipitated, because of the decomposition of the 
ammonium sulphide. 

Double Oxalate.— According to Classen, satisfactory 
deposits of tin can be obtained by electrolysing a solution con- 
taining ammonium oxalate’ and oxalic acid. But unless oxalic 
acid is present in excess, flakes of tin hydroxide are precipitated, 
owing to the solution becoming alkaline from the decomposition 
of the ammonium oxalate. In preparing the oxalate solution, 4 
grm; ammonium oxalate should be employed for every 0*3 grm. 
of tin present, and 9 to 10 grm. of oxalic acid. The solution is 
electrolysed at a temperature of from 50'’ to 60” with a current of 
I to 1*5 amperes. The electrolyte may be kept acid with acetic 
instead of with oxalic acid. When acetic acid is used, the appearance 
of the deposit is usually bettet than when oxalic acid is employed ; 


1 
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it is also to be recommended because it is not decomposed by 
the electric current, whereas oxalic acid is. 

Removal of the Deposit. — Tin adheres very firmly to the 
electrodes, and does not readily dissolve in acids ; it is therefore 
sometimes recommended to first coat the electrodes with copper 
or silver. In order to remove tlie deposit, the electrode must be 
boiled with strong hydrochloric acid, but even then it is only very 
slowly dissolved. Nitric acid can also be employed, but the 
surface becomes coated with oxide, which requires to be removed 
in order that the acid may attack fresh surfaces. Another method 
is to cover the tin deposit with dilute sulphuric acid and 
make the electrode the anode, a piece of copper wire serving as 
cathode. 

For purposes of electrolysis, half a gram of tin can be dis- 
solved in hypochloric acid \ but this is rather a tedious operation. 
It is better to use tin ammonium chloride, SnCb, 2NH4CI. 
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Cadmium. 

Cadmium cannot be deposited from solutions which contain 
much free mineral acid, although the presence of a very small 
quantity is advantageous, as it prevents the deposited metal 
coming down in the spongy condition. Good deposits can rarely 
be obtained from neutral or alkaline solutions, the cadmium 
generally coming down spongy, and is consequently non-adherent. 
In order to obtain satisfactory deposits of cadmium, it is important 
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that the C.D, should be equal at all parts of the electrode. 
There are three methods which may be used for the electrolysis : 
(i) cyanide, (2) feebly acid solutions, (3) oxalate or tartrate. 

Cyanide Solution.— About 0*5 grm. of the cadmium salt, 
preferably the sulphate or acetate, is dissolved in water, and a 
solution of potassium cyanide added until the precipitate first 
formed is redissolved ; a fair excess of cyanide is an advantage, 
and causes the deposit to be firmer. The solution is then made 
up to the required bulk, and electrolysed, 

CONDITIONS. 

I. I II. 

C.D, . . O' 50 to 0*75 ampere. C.D. . . . o'l to 0'3 ampere. 

E.M.F. . 4'6 ; E.M.F, , . 3*3 to 4 5 volts. 

Temp. . normal. Temp. , , 50® to 60® 

Time . 6 to 8 hours, ’ Time , , . 5 to 6 hours. 

End Reaction.— Add a little sulphuretted hydrogen water 
to a portion of the solution. If no yellow precipitate or coloration 
is produced, then the whole of the metal has been deposited. 

Acid Solutions.— Occasionally very good adherent deposits 
can be obtained from solutions containing a little free sulphuric 
acid. The cadmium salt and about 3 grm. of ammonium 

sulphate is dissolved in water, and from i to 2 c.c. of 2o-per*cent. 
sulphuric acid added. 


CONDITIONS. 


C.D O' I to 0*3 ampere. 

E.M.F 2*5 volts. 

Temp 60° to 70® 

Time 3 to 4 hours. 


The deposited metal, when not spongy, is of a brilliant silver- 
white colour. Instead of using sulphuric acid, the solution may 
be acidified with acetic or formic acids, in which case the salt of 
the acid employed is used, instead of ammonium sulphate. 

Oxalate and Tartrate.— To the solution of the cadmium 
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salt add a solution of from 8 to lo grm. of ammonium oxalate. 
The electrolysis may either be conducted at ordinary or at higher 
temperatures. It will be found advantageous to add a little oxalic 
acid from time to time, in order to keep the solution feebly acid. 
The deposit is then denser and more adherent. 


CONDITIONS. 


I. 

C.D. . . 0‘5 to 075 ampere. 
E.M.F. , 2'5 to 3'5 volts. 
Temp. . . 50® to 60® 

Time . . 3*5 to 4 hours. 


II. 

C D. . . O' 5 to I 'o ampere. 
E.M.F. . . 2’ 5 to 4‘o volts. 
Temp. . . normal, 
i Time . . 4 to 5 hours. 


When tartrates are employed, about 5 grm. of ammonium tartrate 
and a few drops of tartaric acid are added to the solution. The 
electrolysis is best conducted at a temperature of from 50° to 60°. 
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Bismuth. 

Bismuth is one of the more difficult metals to deposit, electro- 
lytically. In fact, it is a very difficult matter to obtain satisfactor)^ 
results at all, From a great many solutions the bismuth deposits 
partly as oxide at the anode, and partly as metal on the cathode. 
Even when no oxide is deposited, the bismuth is often powdery 
aid spongy, and consequently non-adherent. 
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Drnitry-Balachowsky ^ gives the following conditions for de- 
positing bismuth : — 

(1) Weakly acid solution. 

(2) Only small traces of the halogens should be present. 

(3) Low current density. 

(4) Roughened electrode. 

(5) Addition of urea or aldehyde. 

When the C.D. is too high, oxidation of the deposit takes place, 

Balachowsky uses a solution containing free nitric acid : from 
o'6 to i*i grm, Bi(S04)s is dissolved in water with 5 to 7 c.c. nitric 
acid, and 3 to 5 grm. urea. The C.D. employed is from 0*04 
to o’o6 ampere per square decimeter. E.M.F., 1*7 to 2 volts. 
Temperature of solution, 60° to 70° Time, eight to ten hours. 
Instead of using urea, formaldehyde may be equally well employed, 

Wimmenaneur^ recommends for the solution of the bismuth 
nitrate a mixture of two parts water and one part glycerol He 
also advises the use of a rotating anode, as this prevents the forma- 
tion of peroxide. The solution is acidified with nitric acid. C.D. 
o'l at the commencement, which is later on reduced to 0*05. The 
temperature should not be above 50°. 

Dr. Kohn^ found the results irregular when free nitric acid 
only is present, and obtained better results with sulphuric acid. 
He states that the best results are obtained when metaphosphoric 
or citric acid are used. When citric acid is employed the bismuth 
can be deposited in ammoniacal solutions. The quantity of 
bismuth present should not exceed o‘2 grm. The commencing 
C.D. should be o’o8, finishing at o‘2 ampere, the quantity of 
citric acid taken being 2 to 2'5 grm. The deposition required from 
eighteen to twenty hours. It is best to precipitate the bismuth as 
hydroxide, dissolve in sufficient nitric acid, add the citric acid, and 
then electrolyse. 

Although by taking great care good deposits of bismuth can 
be obtained, generally speaking the results are anything but 
satisfactory. 

' Compt. Rendus, 131 , 179-182. ^ ZHt.f. Anorg, Ckm., 27 , 1-21. 

* British Assoc. Report^ 1900 , p. 173. 
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Zinc. 

Like cadmium, zinc cannot be deposited from solutions which 
contain more than the merest trace of free mineral acid. Zinc is 
also very prone to be deposited in a spongy and non-adherent form; 
this is especially the case with solutions which are quite neutral. 

Deposition of the Metal. — Electro-deposited zinc, being 
very pure, is only removed from the electrodes upon which it 
has been deposited with considerable difficulty. If platinum 
electrodes are employed, it is advisable to first coat them with a 
thin layer of copper; because, when zinc is directly deposited 
upon platinum, as a rule a black powdery coating is left, after 
the zinc has been dissolved off. This deposit can only be got 
rid of by rubbing the electrode with fine sand, a proceeding not 
to be recommended. Vortmann considers that this black deposit 
consists of finely divided platinum. Instead of using coated 
platinum electrodes, nickel electrodes can be employed. When 
nickel is used, it is understood, of course, that the zinc deposit 
must not be dissolved off with an acid, because acids also act 
upon nickel. Zinc electrolytically deposited, however, dissolves 
fairly readily in caustic soda, but it is best to employ a moderately 
strong warm solution. 

Colour of Deposit. — Zinc is rather apt to be deposited 
dark and spongy or speckly. As a rule, good quantitative results 
can only be obtained when the deposit is quite dense, and of a 
bluish grey appearance. During the course of the electrolysis, the 
gas given off often causes the solution to have a milky appearance, 
but this milkiness usually disappears when the bulk of the ziivc 
has been deposited. 

Cyanide Solution. — Very good deposits of zinc can be 
obtained from solutions containing potassium cyanide, but the 
analytical results are rather uncertain. The zinc salt is dissolved 
in water, and potassium cyanide solution added in small portions 
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at a time, until the zinc cyanide, which is at first formed, com- 
pletely dissolves in the excess of the cyanide. The clear solution 
so obtained is diluted to the required volume, and electrolysed. 


C.D. . 
E.M.F. . 
Temp. . 
Time 


CONDITIONS. 


I. 

o'5 to ro ampere. 
475 to 6’0 volts, 
normal, 

8 to 16 hours. 


II. 

C.D. . , o’5 to n ampere. 
E.hl.F, . . 4*5 to 6’0 volts. 
Temp. . . 50° to 60°, 

Time , , 6 to 7 hours, 


End Reaction. — In order to test whether all the zinc has 
been deposited, a small portion of the solution may be wanned 
with dilute hydrochloric acid to decompose the cyanide, and 
treated with a little potassium ferro- or ferricyanide. The electro- 
lysis must be continued until no further precipitate is produced. 

Oxalate Method. — Deposits of very fine appearance are 
obtained from solutions containing ammonium oxalate : it is 
necessary, however, in order to obtain adherent deposits, to keep 
the electrolyte feebly acid with oxalic acid, or better, tartaric acid. 
If this precaution is neglected the deposits are usually spongy in 
character. 

The solution is prepared by dissolving about i grm. of zinc 
sulphate in water and adding it to a hot solution of from 4 to 5 
grm. of ammonium or potassium oxalate. Zinc oxalate is at first 
precipitated, but dissolves in the excess of the alkali oxalate. The 
solution so obtained is electrolysed with a current of 0*5 to 0*6 
amperes ; the E.M.r. is 37 to 4*3 volts. As soon as the electrolysis 
has commenced, about 3 c.c. of a 5 -per-cent, solution of oxalic 
or tartaric acid is added \ further small quantities of the acid arc 
added during the electrolysis, should the solution become neutral 
or alkaline. The best way to keep the solution acid is to employ 
the siphon arrangement described on p. 77, Fig. 44. The beaker 
is filled with a dilute (5 per cent) solution of oxalic or tartaric 
acid. The time required is from three to four hours. The draw- 
back to this method is that traces of carbon are often deposited 
along with the zinc. 
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The end of the electrolysis may be tested by making alkaline 
with ammonia, and adding a few drops of ammonium sulphide 
to a portion of the solution. 

Acetic Acid and Ammonium Acetate. — To the solution 
of the zinc salt about 3 grra. of ammonium or sodium acetate is 
added. The solution is made up to the required volume, and the 
electrolysis commenced. After a few minutes about i c.c. of 
glacial ascetic acid is added, and the electrolysis continued. 
CD. 0*5 to 0*8 ampere, E.M.F. 5 to 7 volts. The rate of deposi- 
tion is .accelerated by heating the solution to 35^ to 65°. After 
the electrolysis has proceeded for about an hour, a few drops of 
ammonia are added, in order to neutralise the excess of acid 
which has been produced by the decomposition of the zinc sul- 
phate. Time, two to two and a half hours. 

Rochelle Salt and Caustic Alkali.— Heinrick Paweck^ 
has recently suggested a solution containing rochelle salt and 
caustic soda or potash. To the zinc sulphate solution is added 
7 grm. of rochelle salt and 5 grm. of caustic soda. The solution 
after being made up to the required volume is electrolysed with a 
C.D. of from o‘i to 0*5 of an ampere, the E.M.F. being 2*9 to 3‘i 
volts. The metal is completely deposited in about three or four 
hours at ordinary temperatures. 

Sulphuric Acid and Sodium Sulphate .“The solution 
in this case is made up by dissolving 8 to 10 grm. of sodium 
sulphate in water, and adding it to the solution of the zinc salt ; 
the electrolysis is then commenced, and, as soon as a thin coating 
of zinc has been obtained on the electrode, 3 drops (not more) 
of concentrated sulphuric acid added. When the electrolysis 
has been in progress from thirty to forty minutes, a few drops of 
very dilute ammonia are added to neutralise the excess of sulphuric 
acid. The addition of ammonia is repeated every thirty minutes 
or so. If this precaution is not taken the zinc may go into solution 


* Zeit.f. Eiektmhm.i 1898 , 221 . 
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again, owing to the excessive quantity of sulphuric acid which the 
solution contains. The zinc is deposited as a smooth grey coating 
of very fine appearance, and is completely deposited in from 
three to four hours. This method gives one of the finest deposits 
of zinc, but it requires care. 

CONDITIONS. 

I. I 11 . 

0’4 to O' 6 ampere. ! C.D. . . . o' 6 ampere, 

3'3 to 4'o volts. I E.M.F. . . 2-5 to 3 0 volts, 

normal. ■ Temp. . . 50° to 60®. 

3 to 4 hours, I Time . . . 2 to 3 hours. 
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C.D. . . 
E.M.F. . . 
Temp. . , 
Time . . 


Silver. 

Silver is a metal which can be deposited, either from acid, 
alkaline, or neutral solutions, and from solutions of its double 
cyanide. At the same time, there is really only one process which 
is satisfactory, and that is the cyanide method. 

When silver is deposited from solutions containing free nitric 
acid, the metal generally separates in a crystalline and feathery 
form, and therefore does not adhere well to the cathode. A 
further difficulty is that very often a portion of the silver is 
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deposited at the anode in the form of the peroxide. The addition 
of small quantities of certain organic acids, such as tartaric or 
lactic acids, prevents the separation of peroxide, but even when 
this is done it is only possible to obtain an adherent cathode 
deposit by the employment of extremely feeble currents. The 
metal is sometimes deposited at the cathode in a powdery form, 
and may have a brownish or greyish appearance. This appears 
to be due to the C.D. being too high. 

All silver salts dissolve in ammonia, and attempts have been 
made to deposit the metal from solutions containing free ammonia. 
The results, however, are rarely satisfactory ; generally speaking 
the metal is deposited as a brown powder, which does not 
adhere to the electrode. Neutral solutions also give unsatis- 
factory results. 

From Potassium Cyanide Solution. — About i grm. of 
the silver salt is dissolved in water, and a freshly prepared solution 
of potassium cyanide added. A precipitate is at first formed, but 
on the further addition of the cyanide solution it dissolves with 
production of a clear solution, owing to the formation of the so- 
called double salt of potassium and silver cyanide (see p. 91). 

KCN -f- AgNO, = AgCN -f- KNO, 

AgCN + KCN = KAg(CN), 

It is very important that the purest obtainable potassium cyanide 
be employed. That made by passing hydrocyanic acid into 
alcoholic potassium hydroxide is the best. The deposited metal, 
when impure cyanide is used, is often brownish in appearance, 
and is liable to adhere badly. In order to obtain complete solu- 
tion of the silver salt, it is generally necessary to use from 3 to 4 
grm. of potassium cyanide. The conditions necessary are : — 


I. 

C.D, . . 0*5 to I ’0 ampere. 
E.M.F-, . . 5'6 to 6’0 vohs. 
Temp. . . SO® to 60®. 

Time . . i to 2 hours. 


IL 

C.D. . . 0*20 to 0'35 ampere. 
E.M.F. . 3’2 to 37 volts. 
Temp. normal. 

Time . , 4 to Si hours, 
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For running all right a C.D. of from o’o8 to 0*20 amperes may 
be employed, the E.M.F. being 3*2 to 3*4 volts. 

The deposited metal is of a dull silver- white appearance, and 
adheres firmly to the cathode. 

Sometimes the metal appears quite “ matt,” at other times 
it possesses a crystalline structure. At times, especially if the 
current conditions have not been attended to, brown spots make 
their appearance on the deposited metal ; these do not necessarily 
cause the results to be incorrect, but it is as well to avoid them as 
far as possible. Gauze or roughed electrodes are the most suitable 
for silver depositions. Breaking the circuit and washing should 
be carried out as rapidly as possible, because metallic silver is 
acted upon by solutions of potassium cyanide. 

End Reaction. — Treat a small portion of the solution with 
dilute nitric acid, and boil off the liberated hydrocyanic acid, then 
add a drop of hydrochloric acid. If no white precipitate or 
turbidity is produced the electrolysis is completed. 

Insoluble silver salts should be warmed with potassium cyanide 
solution until they are dissolved, and <hen subjected to elec- 
trolysis. 

LITERATURE. 

Fresenius and Bergmann, Zeif.J. Anal. Chem.^ XIX. 324 ; Krutwig, 
1267 ; Schucht, Zeit.f, Anal. Chem,,^ 22 , 417 ; Amcr, Chem. 
Soc., IV. 22 ; Riidorff, Zeit.f. Angcw. Chem., 1802 , 5 ; Smith, Amer. 
Chem. Journ., XII. 335 ; Fulweiler and Smith, Amer. Chem. Sac., 
23 , 583. 

Gold. 

The noble metal gold can be deposited from almost any of its 
solutions by the passage of the electric current. But satisfactory 
deposits from acid or alkaline solutions are rarely obtained, the 
gold usually corning down in the form of a brown non-adherent 
amorphous precipitate. Indeed, when deposited from acid or 
alkaline solutions, the colour of the solution may at times become 
greenish or purplish, owing to the suspension of finely divided 
particles of gold. 
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Practically there are three solutions which can be successfully 
employed for depositing gold. These are the auricyanides, 
thiosalts, and solutions in ammonium thiocyanate. 

On adding a solution of an alkali cyanide to the solution of 
the gold salt — which, of course, must not be strongly acid. — a 
whitish precipitate is produced. This precipitate, however, 
readily dissolves when an excess of the cyanide is added, with 
formation, in the case of potassium cyanide, of potassium 
auricyanide— 

Au + 3CN = Au(CN), 

Au(CN) 3 + KCN = KAu(CN), 

Now, as the ions of potassium auricyanide are K’ and Au(CN)'4, 
the electrolytic separation of gold from such a solution is really a 
secondly reaction. The explanation given on p. 91 for deposi- 
tion of copper from cyanide solutions applies also for solutions of 
gold cyanide. 

Deposition from Cyanide Solutions.— To the gold solu- 
tion, from I to 2 ‘5 grm.^of pure potassium cyanide is added; the 
colourless solution so obtained is made up to the required volume 
with distilled water. If the gold solution is strongly acid, it should 
be partially neutralised with potassium hydrate, or, what is better 
still, evaporated nearly to dryness, and then taken up with distilled 
water. The solution of the auricyanide may either be electrolysed 
at ordinary temperatures or at a temperature of from 50° to 60'^. 

CONDITIONS. 

I. TI. 

C.D. . . o' 15 to o'4 ampere. C.D, . . o’ 6 to o' 8 ampere. 

E.M.F. . 3 to 3'25 volts. E.M.F, . . 3 to 3*2 volts. 

Temp.. . atmospheric. Temp. . . 50° to 60® 

Time . . 10 to 12 hoursi Time . . 2 to 3 hours. 

Deposition from Solutions of Alkali Sulphides. —On 
adding a solution of an alkali sulphide to a solution of a gold salt, 
a brownish precipitate is at first formed, but this immediately dis- 
solves in excess of the reagent with formation of a gold thiosalt — 

AuaSa + 3^038 = aNagAuSs 
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Smith and Wallace have shown that the ammonium thiosalt does 
not give quantitative results. But satisfactory and quantitative 
deposits can be obtained by employing potassium or sodium 
sulphide. 

Course of Reaction.— The reaction which leads to the 
deposition of the gold at the cathode is rather involved, but it may 
perhaps be looked upon as being one of reduction. We have in 
solution the complex molecule NaaAuSg^ or rather the ions of 
this complex ] the reduction would then take place as follows 

2NasAuS3 -f 6H = 2Au + 6NaHS 

The sodium hydrogen sulphide being then further oxidised at the 
anode. 

6 NaHS +30 = 3Na,S, + 3 H ,0 

The reaction might, however, be explained on similar lines to 
those which Hittor employs in the case of the complex cyanides. 
The sodium aurisulphide is ionised into the cations 3Na' and the 
complex anion AuS/*. The cation travels to the cathode, and 
there becomes neutralised, and the liberated sodium then reacts 
with the wMer, forming sodium hydrate. The anion migrates to 
the anode, and is there deposited. The sodium on liberation 
at the cathode now reacts with some of the unchanged NusAuSa, 
and liberates gold ions, which in their turn travel to the cathode 
where they are deposited. 

I. 3Na + Na^AuSs - Au + 3Na2S 

The reformed sodium sulphide dissolves the gold sulphide 
which has been deposited at the anode, and reforms sodium 
aurisulphide, and liberates sulphur, which combines with other 
molecules of sodium sulphide to form polysulphides. 

^ It is not certain that the salt NajAuSg is produced when gold sulplfide is 
dissolved in sodium sulphide j it may be NagAuSj. In fact, this latter salt has 
been isolated by dissolving AugS, in NaHS and pouring the solution into 
alcohol. But the presence of polysulphides would probably lead to the 
formation of the 6rst-mentioned salt. 
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II. 3 AuS/" + 3Na.^S = 2NasAuS3 + 3S * 

It is, of course, not necessary to assume that the same molecules 
of sodium sulphide liberated in reaction I. take part in reaction 
II., because in actual practice there is always a considerable 
excess of sodium sulphide. Sulphur and oxygen are always 
liberated to a certain extent at the anode and hydrogen at the 
cathode, so that at the cathode part of the sodium, sulphide will 
be reduced to sodium hydrogen sulphide, which may, again, at 
the anode be partially oxidised back to the monosulphide. At 
the same time the liberated sulphur will produce polysulphides. 

The solution for electrolysis is prepared by adding about 
30 c.c. saturated or nearly saturated solution of the alkali sulphide 
to the gold solution \ a precipitate is at first formed, but this 
redissolves, and a clear solution is obtained. The mixture is then 
diluted to the requisite volume, and electrolysed at the ordinary 
tempemture. 


CONDITIONS. 


C.D . o'l to o '25 ampere. 

E.M.F 2 voks. 

Time 5 to 6 hours, 


Both with cyanide and sulphide solutions, brilliant yellow 
firmly adhering deposits of gold can be obtained. 

Thiocyanate. — Dissolve 5 to 7 grm. ammonium thiocyanate 
in 70 to 80 cx. water, and warm to 50® or 60° ; then run in the gold 
solution with constant stirring. If the solution is cold, a precipitate 
of gold thiocyanate may be produced, and this is only dissolved 
on heating the mixture. The solution usually has a red colora- 
tion at first, but gradually becomes colourless. Make the solution 
up to the required bulk with distilled water, and electrolyse. 

* We might assume that the anion AuSj'" when liberated at th^Hnode 
gives up an atom of sulphur, and becomes AuSj, this sulphide being known, 
whereas AuSj has not been isolated, TTie equation would then be — 

2AuSj + 3Na2S = aNujAuS, + S 
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CONDITIONS. 


C.D. . 
E.M.F, . 
Temp. . 
Time . . 


I. 

o’ 2 . to 0'4 ampere. 
vz to 17 volts, 
normal. 

4'5 to 5‘5 hours. 


C.D. 
E.M.F. 
Temp. 
Time . 


II, 

o’2 to 0*4 ampere. 
i'2 to i‘5 volts. 
40° to 50°. 
r 5 to 2 hours. 


The deposit is very often quite as brilliant as that obtained 
with cyanide or sulphide solutions, but at times it may have a 
rather smoky appearance; this does not, however, affect the 
accuracy of the results. Very often during the electrolysis a small 
quantity of a yellow precipitate separates out. This is canarine 
(see p. 271), and is due to the oxidising action of anodic oxygen 
on the thiocyanate ; it does not interfere with the deposition of 
the gold. Potassium thiocyanate, although it gives accurate results, 
generally gives a deposit of poor appearance. 


End Reaction.— The small portion of the solution should 
be boiled with a few drops of concentrated sulphuric acid, to 
decompose the double salt, and a few drops of stannous chloride 
added ; a purple or violet colour, due to formation of Purple of 
Cassius, shows that the electrolysis is not yet finished. 

RemovaTof Deposit. — The best method to remove the 
deposit is to cover the electrode with a solution of potassium 
cyanide, to which has been added 3 or 4 c.c. of hydrogen peroxide, 
or 2 grm. of sodium peroxide or ammonium persulphate. The 
deposit is in this way removed in a minute or two. If the solution 
is warm, the gold goes into solution in a few seconds. When 
hydrogen peroxide is used the reaction may be expressed thus ; — 

2Au + 4KCN + HA - 2KAu(CN)2 + 2KOH' 
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Platinum. 

Platinum, like gold, can be deposited from solutions containing 
free mineral acids \ but unlike gold, which from these solutions is 
deposited in a non-adherent form, it may, if a very feeble current 
is employed, be deposited in a dense reguline condition. With 
high currents a deposit of platinum black is invariably produced. 
Solutions of platinum chloride, containing a few drops of concen- 
trated hydrochloric or sulphuric acid, may be employed. 


CONDITIONS. 


C.D. . . . 

. , . o'oi to 0*04 ampere. 

E.M.F. . . . 

... 1-8 volts. 

Temp 

... 50° to 60®. 

Time . . . , 

, , . . 4'5 to 6 hours, 


When a solution containing free phosphoric acid and sodium 
phosphate is employed, a somewhat heavier current (o'oy to o‘io 
amp.) can be used, but in this case a rather longer time is necessary 
to completely deposit the metal. The platinum electrodes should 
be coated with copper before being used for the deposition 
of platinum. 

The electrolytic deposition of platinum may be indirectly em- 
ployed to estimate ammonium and potassium. Both ammonium 
and potassium are precipitated by means of hydroplatinic acid 
as the respective platinichlorides. But as they are both distinctly 
soluble in water, alcohol is always added to complete the precipi- 
tation. If the precipitated and washed platinichloride be dis- 
solved in excess of water, arid hydrochloric acid added, then the 
platinum may be electrolytically deposited, and from the amount 
of platinum obtained the original quantity of potassium or 
ammonium is readily determined. 

LITER ATVREI 

Luckow, Zeit.f. Anorg. Chem.y 19 , 13; Classen, Ber.^ 17 , 2467; 
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1Q02, 696. 
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Palladium 

May be deposited from acid solutions in much the same way 
as platinum, a l\w current density and a low E.M.F. being 
necessary. By employing a current of less than o'l of an ampere 
the palladium can be deposited in a bright and reguline condition. 
Cowper-Coles ^ suggests a solution of paladium-ammonium chloride 
[Pd(NH3 01)2] and ammonium chloride, at a temperature of 25°. 
This solution does not, however, appear to have been employed 
by him for analytical purposes. But Smith ^ lias obtained good 
quantitative results by using this solution. 

The deposition can be carried out by dissolving the salt in 
ammonium hydrate; after solution about 30 c.c. more of the 
ammonium hydrate is added (sp. gr. o'935) and 100 c.c. of water. 
The palladium can be deposited overnight by passing a current 
of 0*07 — o'l ampere. The deposited metal has the appearance 
of rolled palladium. The platinum electrodes which are employed 
as cathodes should be first coated with silver or copper, 

Amberg^ finds that by using an anode rotating at about 600 
revolutions per minute, he is able to deposit palladium from 
solutions containing hydrochloric acid. The temperature should 
be 60° to 65°, and the E.M.F. must not be allowed to exceed 
1*25 volts. The rotating anode prevents the formation of 
peroxide. 


Rhodium. 

Smith has shown that rhodium can be rapidly and accurately 
deposited from solutions containing sodium phosphate and 
phosphoric acid. The C.D. may conveniently be 0*18. The 
solution, which at the commencement has a fine purple colour, 
gradually becomes colourless. As a rule, the deposited metal 
has a black colour, but is reguline and firm in character. 

* Jkarbuck, 1899, VI. 190, and Eng. and Min.Journ.^ 68, p. 5. 

’ Ekctrockemkal Analysis ^ 3rd edit. 1902 , p. 106. 

* Zeii.f. Ekkirochem.y 1904, X. 385. 
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The electrodes upon which the metal is deposited must be 
coated either with copper or silver. 

LITER A TV RE, 

Smith, Amer, Chem^Soc., 5 , 201 ; Joly and Leidi^, Compt. Rendus 
113 , 793. 


Tellurium. 

Giovanni Pellini^ deposits tellurium from a solution of tellurium 
anhydride in hydrochloric acid to which ammonium tartrate has 
been added. The solution is made up by dissolving o'l to 
O’ 2 grm. of the anhydride in 5 c.c. of concentrated hydrochloric 
acid, to which is then added roo to 120 c.c. of a cold saturated 
solution of acid ammonium tartrate. With the following con- 
ditions, about 9 hours is required to deposit the tellurium : C.D. 
o'oi, E.M.F. I ’85 to 2 ’2 volts, and tem^rature 55“ to 60°. 

The tellurium is deposited in a smooth reguline condition, and 
is at the end of the operation washed with water and alcohol, and 
dried at 100°. As the tellurium is rather easily oxidised, water 
which has previously been boiled should be used for washing 
purposes. 

End Reaction. — A small portion of the solution is with- 
drawn, and warmed with stannous chloride and hydrochloric acid : 
if no brown coloration due to precipitated tellurium is produced, 
then the electrolysis is completed. 

H2Te03 + zSnOa + 4HCI = Te + 2SnCl4 + 3H2O. 

This reaction is very delicate, and is said to show the presence of 
o'oooi grm. of tellurium in a solution. 

A better method^ is to dissolve the finely powdered tellurium 
in a few cubic centimeters of hot concentrated sulphuric acid ; a 
beautiful pink coloration is first produced. When all the tellurium 

* AtH. R. Accad. dd. Lined. Roma [5], 12, TI. 312. 

* 0 . Gallo, AUi, R. Accad. Lincdy 1904 [v.], 13 , i. 713. 
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has dissolved, the solution is hfeated until the pink colour vanishes. 
The white anhydride thus obtained is washed with a little freshly 
boiled water into a beaker, and then from 80 to 100 c.c. of a 10- 
per-cent. solution of pyrophosphoric acid or sodium pyrophosphate, 
freshly boiled, added. The mixture is then electrolysed with a 
C.D. of o'l ampere, the E.M,F. being about r6 volts. The 
solution is hot to commence with, but is allowed to cool as the 
electrolysis proceeds. Time, 4 to 5 hours. 

Removal of Deposit,— The deposited tellurium readily 
dissolves in moderately strong nitric acid. 


Thallium* 

Electrolytically, thallium strongly resembles lead, in that it 
can both be deposited as metal at the cathode or as oxide on 
the anode. It further resembles lead in the behaviour of the 
deposited metal, which cannot be washed and dried without 
undergoing superficial oxidation ; it is, therefore, not possible to 
determine thallium quantitatively as a cathodic deposit. For 
the determination as oxide, see p. 140. G. Neumann, ^ however, 
describes a method for analysing thallium which depends upon 
depositing it as metal from solutions containing ammonium 
oxalate : the metallic deposit is not weighed, but is treated with 
hydrochloric acid, and the volume of hydrogen whicli is evolved 
is determined. This volume, calculated at N.T.P., is equivalent 
to the weight of thallium which has been deposited from a weighed 
quantity of the thallium salt. About 5 to 6 grm. of ammonium 
oxalate is added to the solution of the thallium salt, and the 
mixture electrolysed with a current density of about i ampere. 

End Reaction. — The electrolysis is finished when the 
addition of ammonium sulphide to a small portion of the solution 
produces no orange precipitate or coloration of thallium sulphide. 

The apparatus employed by Neumann is depicted in Fig. 49. 

» Ber ,, XXI. 356. 
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It consists of a small flask, k, into which two electrodes are fused ; 
the surface of each electrode is about 9 c,m. The flask is not 
fastened on to the gas-measur- 
ing apparatus until after the 
electrolysis has been com- 
pleted. Before connecting to 
the measuring apparatus, the 
solution containing ammonium 
oxalate and carbonate — the 
latter produced by the electro- 
lytic decomposition of the am- 
monium oxalate — is washed 
out by means of' a siphon 
arrangement, the electrolytic 
circuit not being broken until 
the washing is completed. It 
is then connected up as shown 
in Fig, 49, and hydrochloric acid added to dissolve the thallium 
salt. The method even at best is tiresome, and would only be 
employed if a large number of determinations were required. 

Amalgams. 

It has already been noticed that certain metals are very 
difficult to deposit in a smooth reguline condition, being either 
deposited in a spongy form, or else they are brittle and show 
a great tendency to exfoliate. Cadmium, fqr example, has a 
a marked tendency to be deposited in a spongy and non-adherent 
form \ and it is almost impossible to deposit bismuth in a weighable 
condition, because the metal either peels off owing to the brittle 
character of the deposit, or else it is obtained, like cadmium, 
in a powdery or spongy form. Vortmann and Luckow and 
others have shown that most metals can be deposited as amalgarSs 
if a mercury salt is added to the solution to be electrolysed. The 
method of procedure is much the same as that adopted for 
electrolysing mercury solutions ; it stands to reason, of course, that 
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only such solutions as can be employed for depositing mercury 
may be used. This method can be employed for the deposition 
of a large variety of metals, but it is only in a few cases that there 
is any advantage in using it A few examples will give an idea 
of how the method may be worked, the student will then be in 
a position to adopt it in any given case that may appear desirable. 

Cadmium Amalgam. 

The cadmium salt is dissolved as usual in about 150 c.c. of 
distilled water, and then the mercury salt and i c.c. of concen- 
trated sulphuric acid added. Mercuric chloride is the most 
convenient salt of mercury to add, because it is readily obtained 
pure. For every part of cadmium salt taken (calculated as 
metallic cadmium), from four to five parts of mercuric chloride 
(calculated as metallic mercury) should be used. The amalgam 
then obtained is solid, but when larger quantities of mercury 
are used, it is fluid or semi-fluid. Thus for 0*5 grra. of cad- 
mium sulphate which contains about 0*2 grm. of metallic 
cadmium, about 1*5 of mercuric chloride containing i‘i grm. of 
metallic mercury would be necessary. When the mercury and 
cadmium salts have been dissolved, from 2 to 3 c.c. of 20-per- 
cent. sulphuric acid is added, and the solution made up to 125 to 
T30 c.c. 

CONDITIONS. 


C.D 

. . . . o'3 to o'5 am[7ere. 

E.M.F 

. . . . i'9 to 2*3 volts. 

Temp 

, . . . 60® to 79®. 

Time . , . 

. . , . 5 to 6 hours. 


If during the electrolysis some of the mercury salt is reduced to 
the mercurous condition, and becomes precipitated, the addition 
of small quantities of ammonium or potassium persulphate from 
time to time will cause this to go into solution. 

End Reactron.— I. This is determined as usual by the addi- 
tion of a small quantity of sulphuretted hydrogen water to a few 
cubic centimeters of the solution which is withdrawn for the purpose. 
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When all the metal has been deposited, the electrode is removed 
and rapidly washed with distilled water and alcohol, and dried in 
a desiccator. The drying operation is much more rapid if, after 
washing with alcohol, the electrode is played upon with the air-blast 
from the blowpipe for a few minutes. It can then be heated to 
70° for a few minutes without harm. 

II. Ammonium tartrate and free tartaric acid also gives very 
good results. In this case the cadmium and mercury salt are 
dissolved up as already described, then 2 grra. of ammonium 
tartrate and about 3 grm. of tartaric acid added, and the 
electrolysis conducted under practically the same conditions as 
those described for the acid solutions. 

Bismuth Amalgam. 

Owing to the great difficulty in obtaining satisfactory deposits 
of bismuth, the amalgam method is to be recommended above all 
others for the electrolytic determination of this metal. The pro- 
portions of mercury salt employed to the bismuth salt should be 
about the same as that recommended for cadmium, namely from 
four to five times as much mercury as bismuth. 

Solution containing Free Nitric Acid.— The mercury 
salt is first dissolved in water, then the bismuth salt added and 
sufficient nitric acid to cause the bismuth oxy-salt first produced 
to enter into solution. It is not advantageous to add a large 
excess of nitric acid, otherwise there is a tendency to obtain an 
anode deposit of hydrated bismuth oxide, If, however, i gfm, of 
tartaric acid is added to the electrolyte, this formation of oxide at 
the anode is prevented. The tartaric acid should be added before 
commencing to electrolyse, because when the anode deposit has 
once formed, it is very difficult to remove. 

CONDITIONS. 


C.D 07 to n ampere. 

-E.M.F 3*5 to 4 volts. 

Temp Normal or 50“ -60®. 

Time 6 to 8 hours. 
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Sulphuric acid can be employed instead of nitric acid, but, as 
the results with nitric acid are very satisfactory, there is no advantage 
to be obtained by its employment. 

If the quantity of mercury salt used is too small, the bismuth 
is often obtained partially as an amalgam and partially as a 
blackish powder, which covers the surface of the amalgam. The 
amalgam may be dissolved off with moderately strong nitric acid. 

Lead Amalgam. 

This metal readily forms an amalgam, and may be deposited 
as such from solutions containing the lead salt and mercuric 
chloride, to which is added 5 grm, of ammonium acetate, 3 or 
4 c.c. of acetic acid, and a little potassium or sodium nitrite. If 
the nitrite is not added, a portion at least of the lead will be 
deposited as peroxide on the anode. The lead amalgam when 
dry only oxidises very slowly in the air, but when wet the oxida- 
tion is somewhat rapid. It should be therefore rapidly washed 
in water, and then in alcohol, and dried in a desiccator, or at a 
temperature of 6o“, but it should not be left long in the air-bath. 

Antimony, tin, zinc,' lead, and several other metals can be 
deposited as amalgams, but since the ordinary methods of 
electrolysis give good results, the amalgamation method is not 
often employed. Zinc, as has already been pointed out (p. 118), 
has a tendency to act upon the platinum electrode, and is only 
completely removed with considerable trouble ; the same difficulty 
is met with in zinc amalgams. 



CHAPTER IX. 


METALS DEPOSITED AS OXIDES AT THE ANODE. 

Lead. 

Certain metals, owing to their great tendency to become 
oxidised, or to their decomposing water, either cannot, under the 
conditions usually prevailing in electrolytic analysis, be deposited 
as metals on the cathode, or, if they are deposited, do not give 
satisfactory analytical results. For example, it is a by no means 
difficult matter to deposit lead in the metallic state from weakly 
acid, neutral, or alkaline solutions. But the lead is very apt to be 
precipitated in a feathery and non-adhei^t form. There is also 
a great tendency for the lead to separate at the anode in the form 
of lead peroxide simultaneously with its deposition at the cathode 
as metal. Furthermore, although the whole of the lead may, 
under certain conditions, be deposited in a smooth reguline con- 
dition, yet, during the process of washing and drying, a certain 
amount of superficial oxidation invariably occurs. Thus the 
results are too high, and are therefore useless for analysis. In 
depositing lead for analytical purposes, therefore, conditions are 
employed which prevent the lead from being deposited at the 
cathode, but cause it to be wholly deposited as peroxide at the 
anode. The most satisfactory conditions are to employ a solu- 
tion containing a considerable excess of nitric acid. 

Procedure. — Dissolve about i grm. of lead nitrate in about 
30 c.c. of distilled water, then add to the solution about 25 to 35 
c.^. concentrated nitric acid, and dilute to the required bulk, which 
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should not be more than about 175 c.c. The best electrode to 
employ as anode is the gauze flag electrode, which should be 
roughened by the sand-blast or a similarly roughened basin. As a 
rule, the peroxide does not adhere very well upon a polished surface. 
If during the electrolysis a separation of metallic lead should be 
noticed at the cathode, a few cubic centimeters more concentrated 
nitric acid must be added. The electrolysis may either be conducted 
at ordinary temperature or at from 50^ to 55° It is not advisable 
to employ much higher temperatures, because there is then a 
tendency for the peroxide to scale off. 


C.D. . . 

E.M.K . 
Temp. 
Time . . 


CONDITIONS. 


I. 

0'5 to 1*8 ampere. 
2 to 2'5 volts. 
Normal. 

2 to 3 hours. 


II. 

C.D. . . i'3 to i'6 ampere. 

E.M.F, . . 2*2 to 2'6 volts. 

Temp. . . 50° to 55°. 

Time . . I’S h6uTs. 


At the commencement of the electrolysis a yellowish deposit 
is obtained, which becomes orange or red, and finally dark brown 
or black. 

End Reaction. — Take a few drops of the solution and make 
alkaline with ammonia, then add a few drops of sulphuretted 
hydrogen water or ammonium sulphide. A black or brown 
coloration or precipitate indicates that some lead still remains in 
the solution. Or make just alkaline with ammonia, then acidify 
with acetic acid, and add a little potassium chromate or dichro- 
mate. If no cloudiness or precipitate of lead chromate is pro- 
duced, then the electrolysis is finished. 

As soon as the deposition is complete, the electrode is 
removed, rapidly washed with water and alcohol, and heated in 
an air-bath to r8o° or 210^ until the weight becomes constant. It 
is absolutely necessary to heat to this high temperature, because 
the peroxide is deposited in a more or less hydrated condition. 

Removal of Deposit.-— The deposit of lead peroxide 
cannot be removed by simply heating with acids. It can, howe\ier, 
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be readily and rapidly dissolved off by wanning it with a mixture 
of nitric acid and glucose. The best mixture is equal volumes of 
concentrated nitric acid and water, to which is added 4 or 5 grm. 
of glucose ; on gently warming, the deposit quickly dissolves. 

The method usually recommended is to place a piece of zinc 
or copper foil in contact with the electrode, and then immerse in 
dilute nitric acid, whereby a galvanic couple is formed. This 
method is quite satisfactory, but the first method described is 
simpler. 


LITERATURE. 

Kiliani,^^^, nrulHiitten Zeit.., 1883 , 253 ; Luckow, Zeit.f. Anal, 
Chem,^ XIX. 215; Rich^, Zeit f. Anal. Chem., XXI. 117 ; Hampe, 
Zeit f. Anal. Ckem.^ XIII. 183 ; Classen, Zeit.f. Anal. Chem.., XXI. 
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Chem.j 1892 , 198 ; Warwick, Zeit. f. Anorg. Chem.y I, 258 ; Classen, 
Ber.y 27 , 163 ; Kreichgauer, Ber.y 27 , 315 ; Classen, Ber.y 37 , 2060; 
Medicus, Ber.y 25 , 2490 ; Neumann, Chem. Zeiiung, 1898 , 381 ; 
Hollard, Bull. Soc. Chim.y 19 , 911 ; Linn, Amer. Chem. Soc.y 24 , 435 ; 
Marie, Chem. Zeitungy 24 , 341 and 480 ; Nissenson and Neumann, 
Chem. Zeilungy 18 , 1143 ; Hollard, Compt. Rendus, 1903 , 136 , 229. 


Manganese. 

It is not possible to deposit manganese from its solutions in 
the metallic condition, because pure manganese decomposes water. 
The metal can, however, be deposited at the anode in the form of 
its peroxide. But it is much more difficult to obtain satisfactory 
results with manganese than with lead. With lead a large excess 
of nitric acid can be employed, but with manganese only very 
small quantities of free acid are permissible. With large amounts 
permanganic acid is produced, and no deposit of oxide is 
obtained at the anode. 

A very large amount of work has been done upon the electro- 
lytic deposition of manganese, but of the many solutions suggested 
only a comparatively few give satisfactory results. The main 
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difficulty in dealing with manganese is to obtain an adherent 
deposit The deposit is generally of a more or less friable nature, 
and crumbles off on washing or drying. It is absolutely essential 
to employ roughened electrodes. Engels ^ finds that the addition 
of small quantities of chrome alum causes the deposit to be much 
more dense and adherent 

Ammonium Acetate. — Dissolve the manganese salt, 
MiiS 04(NH4)2S04,6H20, which is readily obtained pure, in about 
40 or 50 c.c. warm water, then add 8 to 10 grm. of ammonium 
acetate and i’5 to 3 grm. of chrome alum. The solution is then 
made up to tlie required volume, and electrolysed at a temperature 
of 75° to 80° 

CONDITIONS. 


C.D o'6 to o‘9 ampere, 

E.M.F 2*8 to 4'2 volts. 

Temp 75° to 80°. 

Time to 2 hours. 


Small quantities of acetic acid or mineral acids may be added, but 
this has no advantage except in cases where separations are being 
carried out. Chlorides should not be present, because they cause 
the deposit to be less adherent. 

End Reaction. — Take a few drops of the solution in a test 
tube, add about 3 c.c. of concentrated nitric acid, about i grm. 
of red lead. Now boil for a minute or two and dilute with 
water. If any manganese is present the supernatant liquid will 
be coloured pink or red owing to the formation of permanganic 
acid. This reaction is extremely delicate. 

When all the manganese has been deposited the electrode is 
washed with water and alcohol, and then ignited strongly in the 
blowpipe flame ; the ignition must be continued until the whole 
of the black deposit becomes a dull orange red, owing to the 
formation of tri manganese tetr oxide, Mn304 ; it is then cooled and 
weighed. The weight of the deposit multiplied by 0*72 gives 
the weight of metallic manganese. 

^ Zeit.f. EkktrocJum.^ II., 413. 
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Removal of Deposit. — The trimangaiiese tetroxide can be 
readily removed by placing the electrode in warm moderately 
strong hydrochloric acid. 

Treatment of Permanganates.— The permanganate is 
treated with acetic acid, and sufficient hydrogen peroxide to cause 
the solution to become colourless. The mixture is then boiled with 
a few cubic centimeters of a solution of a chromate, in order to 
decompose any excess of hydrogen peroxide. If the hydrogen per- 
oxide is not completely decomposed the deposited manganese oxide 
does not adhere satisfactorily to the electrode. 

In order to cause the adherence of the manganese oxide to 
the electrode, alcohol may be used instead of chrome alum, but 
in this case only about i grm. of the manganese salt, giving 
about O' 2 1 grm. of Mn^Oj should be used, whereas with chrome 
alum 3 grm. can be safely employed. Acetone has been sug- 
gested, but no substance is so satisfactory as chrome alum. 

LITERATURE. 

Luckow, Zeit.f. Anal. Ckem., 19 , 17 ; Schucht, Zeit . /. Anal. Chem.j 
22 , 493 ; Classen and Von Reiss, Ber.^ 14 , 1622 ; Moore, Chem. News^ 
53 , 209 ; Smith and Frankel, Journ. Anal. Ckem., 8, 385, and Chem. 
News, 60 , 262 ; Brand, Zeit.f. Anal. Ckem., 28 , 581 ; RMorff, Zeil . /. 
Angew, Ckem., 15 , 6 ; Classen, Ber., 27 , 2060 ; Engels, Zeit, f, 
Elektrochem., 2, 413, and 3 , 286 ; Groeger, Zeit.f. Angew, Ckem,, 
1885 , 253 ; Kaeppel, Zeit, f Anorg. Ckem., 16 , 268 ; Hollard and 
Bertiaux, Comfl. Rendus, 130 , 1266; Koster, Zeit.f Elektrochem., X. 
[1904], 533 - 

Thallium. 

Heiberg ^ employs the following method for depositing thallium 
as oxide. About o'5 grm. of the thallium salt is dissolved in 
about TOO c.c. of water. Then from 2 to 6 c.c. normal sulphuric 
acid and 5 to 10 c.c. of acetone added to the solution. After 
heating to 50° or 55° it is electrolysed, the E.M.F. being kept 
between 17 and 2 '3 volts, but towards the end of the operation 
it may be allowed to rise to 2*5 volts. 

* Zeit.f. Anorg. Chem., 1903 , 36 , 347. 
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In order to prevent metallic thallium being deposited at the 
cathode and to avoid the formation of hydroxide, the solution 
must be kept acid, but an excess must be avoided because the 
oxide is somewhat soluble in this acid. The electrode must be 
roughened, otherwise the deposit may scale off. When the 
electrolysis is completed, the electrode is washed with water and 
alcohol, and heated in an air oven to 160'’ or 165° for about twenty 
minutes. 


Uranium. 

According to L. G. Kollock and E. Smith ^ and E. F, 
Kom,^ uranium can be deposited from solutions containing small 
quantities of acetic acid and sodium acetate. If the solution is 
alkaline to commence with, it is not necessary to add the 
sodium acetate. For every 100 c.c. of solution ’about 2*5 grm. 
ammonium cr sodium acetate is employed, and then i c.c. of 50- 
per-cent. acetic acid added for every 100 c.c. of solution. 

CONDITIONS. 


C.D ‘04 to '05 ampere. 

E.M.F 6 to 8 voUs, 

Temp 65® to 70®. 

Time 5 to 8 hours. 


At the commencement of the electrolysis the uranium is deposited 
as yellow oxide, then as the black protoxide (U.,04,3H20). At 
the end of the operation the electrode is heated to redness,, 
whereby the hydrated oxides are converted to UgOa. The 
electrode should be cooled in a desiccator. Chromium salts 
prevent the deposition. When large quantities of uranium are 
deposited, the oxide is liable to adhere badly to the electrode. 
This method leaves a good deal to be desired, because there is a 
great tendency for the uranium to come down on the cathode in 
the metallic condition and then to be oxidised. Wlien this 
happens the anode deposit is, of course, unsatisfactory. 

* J, Amer, Ckem, Soc,^ 2 S, 607. 

* md., 23 , 685. 
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End Reaction.— Add to a few drops of the electrolyte a 
solution of potassium ferrocyanide ; a reddish brown precipitate 
or a blood-red coloration shows the presence of undeposited 
uranium. 


Molybdenum. 

Lily G. Kollock and E. Smith ^ state that when a neutral solu 
tion of sodium molybdate is electrolysed, no deposition takes 
place, but on the addition of a trace of sulphuric acid the solution 
darkens, and a black anode deposit of sesquioxide is immediately 
obtained. The molybdenum salt is dissolved in water, made up to 
125 C.C., and o'l to o‘2 c.c. of concentrated sulphuric acid added, 
and the solution electrolysed. It is advisable to add 3 or 4 grm. 
of ammoniun siulphate to the solution, in order to increase the 
conductivity. 

CONDITIONS. 


C.D 0’02 to 0 05 ampere, 

E.M.K 2'o to 2’25 volts. 

Temp 70° to 85° 

Time 275 to 475 hours. 


As soon as the electrolysis is finished the deposit is washed with 
water, treated with nitric acid, and evaporated to dryness ; by this 
means a white powder of molybdenum trioxide M0O3 produced, 
ff, as is sometimes the case, there are blue specks noticeable in 
the white trioxide, it must again be evaporated to dryness with 
nitric acid. 

End Reaction, — Acidify a small portion of the solution with 
hydrochloric acid, add a few cubic centimeters of a solution of 
ammonium thiocyanate and then a small piece of zinc. If a 
blood-red coloration is produced, then the electrolysis is not com- 
plete. Phosphoric acid does not destroy this coloration, but it 
destroys the red coloration of ferric thiocyanate. 


Journ, Anief, Chem. Soc.^ 23 , 669. 
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Vanadium. 

P. Tnichot ^ has succeeded in estimating vanadium as its oxide 
VjOij. A small quantity of ammonia is added to the solution of 
the vandanate, and the mixture subjected to electrolysis. 

Conditions. 


C.D. . 0’4 ampere. 

E.M.F 2 to 2'5 volts. 

Temp 85° to 90°. 

Time 8 to 10 hours. 


The solution should not contain more than o’2 5 grm. of V2O5 
to the litre. During the electrolysis the water lost by evaporation 
should be made up, by employing the siphon arrangement 
recommended on p. 77. The hydrated oxide is deposited on the 
anode as an adherent brown coating. At the end of the reaction 
it is washed with water and alcohol, and heated until it melts ; when 
sufficiently heated it is completely converted into the pentoxide, 
which is of an orange-red colour. If after ignition the deposit has 
a greenish or bluish colour, it must be remelted until it becomes 
homogeneously orange-red. 

Considering the extremely dilute solutions which require to be 
employed, this method can hardly be considered of any great 
importance. 

The Halogens. 

Vortmann has shown that if a solution of a halogen salt is 
electrolysed, using a silver anode, the halogen unites with the 
silver. The increase in weight, therefore, of .the anode shows the 
amount of halogen which l^as been deposited. It is further 
possible, by carefully regulating the voltage* to separate a mixture 
of the halogens, iodine being first deposited out at a lower voltage, 
and then, by increasing the E.M.F. and changing the electrode, 
the bromine is precipitated out, and may in turn be weighed. 

' Jahrbuchy 1902 , IX. 374. 
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The chloride which remains in solution can be determined by 
titration with normal or dednormal silver nitrate. 

Method. — The silver anode should be made of wire coiled 
into a flat spiral, as shown in the case of platinum, Fig, 42, p. 76. 
The cathode may be either of copper, nickel, or platinum. The 
solution to be electrolysed is made alkaline, and an alkali tartrate 
added. It is not necessary to notice the C.D., but in hot solutions 
the E.M.F. should not rise above i'3 volts. In cold solutions it 
must not exceed 2 volts. The end of the process can be deter- 
mined by acidifying a portion of the solution, adding a little 
starch paste and a few drops of chlorine water. If there is any 
iodine left in the solution, its presence is shown by the formation 
of a blue colour of iodide of starch. 

When the operation is completed, the anode is well washed in 
distilled water and dried in an air-bath j the temperature should 
be nearly sufficient to melt the silver iodide. 

Should there be bromine in the solution, the E.M.F. is 
increased and the bromine deposited upon a clean silver anode. 

E. Muller recommends for the quantitative estimation of 
iodine in presence of bromine and chlorine the addition of small 
quantities of a soluble chromate to the electrolyte, because he 
finds that with an E.M.F. too low to discharge the BFand Cf ions 
the whole of the iodide is oxidised to iodate. A freshly platinised 
platinum electrode is employed; the E.M.F. will be about i*6 
volts and the C.D. o’lo to o'oi ampere. The time required to 
completely oxidise about o‘io of a grm. of iodide to iodate is 
about twenty hours. 

In order to carry out the electrolysis Miiller recommends the 
preparation of the following reagents : — 

N 

I. Potassium dichromate, i c.c. = io‘6 c.c.— thiosulphate 

100 ^ 

solution. 

II. Normal potassium hydrate. 

N 

III. Potassium iodide, i c.c. = g‘i? c.c. — silver nitrate 
solution. 
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As an exercise to determine the iodine alone, other halogens 
not being present, take 2 c.c. of solution L, i c,c. of solution II., 
and 10 c.c. of solution III., then dilute with 90 c.c. water. At 
the end of the electrolysis, excess of potassium iodide is added, 
and the solution acidulated with sulphuric acid, iodine being 
thereby liberated— 

HI0, + 5HI'- 3 H, 0 + 3 l. 

N > . 

the liberated iodine is then titrated with — sodium thiosulphate 

10 

as usual, the number of cubic centimeters used up by the 
chromate being subtracted from the total number of cubic centi- 
meters employed. 

2NaAO, + + aNal 

2CrO, + 6HI = 3I, + CrA + 3^,0. 

In presence of chlorine : take 2 c.c. solution {., i c.c. 
solution II., and i c.c. solution III., then add 100 c.c. of a 
saturated solution of sodium chloride. Time required for electro- 
lysis, twenty hohrs. 

In presence of bromine : 2 c.c. solution I., i c.c. solution 
IL, and i c.c. solution III., then 100 c.c. of a solution of normal 
potassium bromide. Time, twenty-two hours. 

It is most important to keep the anode completely covered ; 
the E.M.F. must not be allowed to rise above i‘6i or 1*62, 
otherwise the chloride and bromide will take part in the electro- 
lysis. Metals of the alkaline earths must be removed before 
commencing the electrolysis. 

LITERATURE. 

Whitfield, Amcr. Chem. Journ., 8 , 421 ; Vortmann, Elektro- 
Uchnische-ZeiL, I. 137, and II. 169 ; Muller, Ber., 35 , 950, 


Determination of Nitric Acid and Nitrates. 

If a solution of a nitrate or nitric acid is acidified with 
sulphuric acid and then electrolysed, the nitrate is not reduced 
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to ammonia. But Luckow has shown that when an acidified 
solution, which also contains a metallic salt such as copper 
sulphate, is electrolysed, the metal is deposited at the cathode, 
and at the same time the nitric acid is reduced to ammonia. 

Method. — About equal quantities of copper sulphate and 
of the nitrate to be analysed are taken; the solution is then 
acidified with sulphuric acid and electrolysed. The end of the 
reduction may be shown by adding a drop of the sorution to 
a trace of brucine on a watch-glass, and then adding a drop of 
concentrated sulphuric acid; if no pink coloration is produced 
then the reduction is completed. W. H. Easton ^ recommends a 
C.D. of I ampere and the addition of about 30 c.c. of dilute 
sulphuric acid (sp. gr. 1*062). 

As soon as the reduction is finished the solution is transferred 
to a flas]^ made alkaline with caustic alkali, and the ammonia 

N 

distilled over into a known volume of sulphuric acid. On 

2 

N 

titrating the excess of acid with - caustic soda, the amount 
2 

of ammonia produced by the reduction of the nitrate is readily 
determined. 


Preparation of Standard Sulphuric Acid. 

When a solution of pure copper sulphate is electrolysed, the 
copper is deposited out, and an equivalent quantity of sulphuric 
acid remains in the solution— 

CuSOj -f- H ,0 = Cu + H,S04+0. 

In order to know the exact quantity of the sulphuric acid in the 
solution, it is therefore only necessary to weigh the amount of 
copper which has been deposited, because 49 parts of sulphuric 
acid will invariably be produced from 31*8 parts of copper, which 
was originally present as copper sulphate. This method is hardly 

^ /. Amer, Chm. Soc.^ 26 , 1039. 
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one which could be employed for preparing standard sulphuric 
acid in quantity, but it could very usefully be adopted for 
standardising alkaline solutions. 

When it is desired to prepare a given quantity of an exact 
normal or decinormal solution, it is then necessary to exactly 
weigh out the pure crystallised copper sulphate before electro- 
lysing. The amount of copper deposited then serves as a check 
on the original weighing. Thus, for example, i ’249 grm, of pure 
crystallised copper sulphate (CuS04,5H20) would yield on electro- 
lysis o’49 grm. of sulphuric acid, which on dilution to 100 c.c. 
would be exactly decinormal. 

Dr. C. Kohn ^ recommends the employment of a C.D, of 0*2 
to o'4 ampere. If a high current density is used, there is a 
tendency for the copper to become spongy \ it is then difficult 
to weigh, and it might fall off and contaminate the solution. 

Arsenic. 

It is not^possible to deposit arsenic quantitatively in the metal- 
loid condition, neither can it be precipitated at the anode as 
oxide. Arsenic is a substance which is very readily converted by 
nascent hydrogen to arseniuretted hydrogen, its gaseous hydride 
AsHg; for this reason the electrolytic methods of analysis are 
not employed for analysing arsenic compounds. It is, however, 
possible to estimate very small quantities of arsenic contained in 
food, etc., by electrolysis. The process consists of evolving 
electrolytic hydrogen in presence of the arsenic whereby the 
arsenic is converted into arseniuretted hydrogen. The gaseous 
hydride is then passed through a glass tube, heated with a small 
bunsen burner. This decomposes the hydride, and the arsenic 
is deposited upon the tube in the form of a mirror. In order 
now to estimate the amount of the arsenic the mirror is compared 
with the mirror on a number of tubes which have been prepared 
from known quantities of arsenic, 

In 1812 Fischer ** suggested the employment of the electric 

* Soe, Chem. Ind.^ 1800 , 962. * GUberis Antt.f 42 , 92. 
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current to detect the presence of very small quantities of arsenic. 
It was again suggested by Bloxam^ in i86i, but the apparatus 
as then suggested had several disadvantages, and never came 
into practical use. Since then various modifications have been 
suggested by different authors, and, in 1903, Dr. T. E. Thorpe^ 
published a new form of the apparatus, which has been success- 
fully employed for the analysis of traces of arsenic in food, beer, 



Fig. 50. 


and other substances. The apparatus consists of a platinum 
cathode, a, hung in a glass cylindrical vessel, b, which is open 
at the end and fits into a Pukal porous cell, d. The porous 
cell is surrounded by the anode, and stands in an outer vessel, E. 
The upper portion of the cylinder B is open, and has a ground 
neck for the insertion of the drying-tube c, which is filled with 
anhydrous calcium chloride and also carries the funnel, which 
is fitted with a tap, through which the solution to be tested can 
be run in. A capillary tube, g, is connected on to the end of the 
calcium chloride tube c. The middle of the capillary tube is 

^ Quart, Jcurn. Chem. 1801, 13, pp. 12 and 338 . 

® J&urn. Chem. Soc.^ 1903. 
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heated by means of the small biinsen burner h, and is surrounded 
where the flame heats it with a piece of platinum or iron wire 
gauze, to prevent the tube being fused. The whole apparatus is 
placed in a vessel, f, containing cold water, to prevent undue 
heating during electrolysis. 

Method of Working. — The apparatus is carefully washed 
with distilled water. The outer cell e is filled with dilute sulphuric 
acid, jp per cent Then the dilute sulphuric acid is run into the 
porous cell by means of the funnel. (The porous cell should 
be soaked in dilute sulphuric acid for about half an hour before 
being used.) As soon as all the connections are made, the bunsen 
burner is placed in position, but not lighted, and the current is 
passed. A current of about 5 amperes should be used, because 
then the escaping hydrogen issues at sufficient speed to produce a 
flame of about 3 mm, in size. As soon as all the air has been 
driven out, which usually occupies about ten minutes, the issuing 
hydrogen is ignited and the bunsen burner lighted. If after 
about fifteen minutes no brown ring makes its appearance, then 
the reagents may be considered free from arsenic. About 2 c.c. 
of amyl alcohol (to prevent frothing) may be tun in,^ and then the 
solution to be tested. At the end of thirty minutes the capillary 
tube is sealed off and the open end also fused together. The 
mirror is then compared with the standard mirrors obtained from 
various quantities of arsenic. 

Preparation of Standard Deposit.— Pure resublimed 
arsenious oxide is ground up in an agate mortar and dried at 100°. 
Then o'l grm.is carefully weighed and washed into a i-litre flask, 
the flask then being filled to the mark with distilled water. Every 
I C.C. of this solution therefore contains o'oooi grm. of arsenious 
oxide. Now take 100 c.c, of this solution, and dilute to i litre. 
TCs second solution contains o-ooooi grm. of arsenious acid 
to each i c.c. or o*oi mg. Standard tubes containing 0*004, 
o*oo6, 0*008, 0*010, etc., mg. can then be prepared. 

^ The addition of amyl alcohol rather diminishes the delicacy of the 
method j therefore, unless there is considerable frothing, it is not to be 
recommended. 
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When food stuffs are being examined for arsenic, Dr. Thorpe 
considers it best, in order to prepare a standard mirror, to take 
a portion of the food stuff — arsenic free— and add the known 
quantity of arsenic to this before proceeding to electrolyse it 
Then when the suspected food is examined, the conditions are 
the same as when the standard tube was prepared. For general 
work, however, this precaution is not necessary. 

S. R. Trotman^ recommends the adoption of a parchment 
membrane in place of the porous Pukal cell, as he considers this 
decreases the resistance and thus makes the apparatus more 
sensitive. 

Dr. Sand and J. E. Hackford ^ use the parchment membrane, 
but they also employ a heavy lea^ cathode and a lead anode. 
This causes their apparatus to be much cheaper than that of 
Dr. Thorpe, and they claim equal accuracy — in fact, it is stated 
the apparatus is more delicate, because the hydrogen is given 
off from the surface of the lead electrode at a higher voltage 
than from one of platinum. When platinum is employed as 
cathode, the hydrogen evolved has not sufficient energy to reduce 
arsenates lo arsenites and then to AsHg, therefore it is necessary 
when dealing with arsenates to first reduce with sulphurous acid 
before electrolysing. But with lead electrodes, owing to the 
higher tension at which the hydrogen is liberated, this preliminary 
treatment is not necessary. Full particulars of the apparatus of 
Sand and Hackford can be found in the original paper. 

* J. Soc. Cheni. IikL, 23, 177 , 

^ CJigm. Soc., 85, Tor 8. 



CHAPTER X. 

SEPARATION OF THE METALS. 

The electrolytic separation of the metals may be brought about in 
several ways. When various metals occur together, we do not 
generally make a complete separation by electro-chemical methods 
only, without bringing to our aid separations which are purely 
chemical in character. But by a judicious employment of electro- 
chemical and chemical means, separations of the most complex 
mixtures can be brought about, which by the employment of only 
electro-chemical or only of chemical methods might be matters of 
considerable difficulty. The purely electro-chemical methods of 
separation may be classed under five heads : — 

I. Separation by means of Variable Potential— As the 
decomposition values of the various salts of metals vary, it is 
possible to separate the metals by keeping a constant E.M.F,, 
which is high enough to decompose the metal whose salt has the 
lower decomposition value, but too low to deposit the metal of 
higher decomposition value. This method is only applicable when 
the decomposition values do not lie too close together. 

II. Separation by depositing one Metal on the Cathode 
and the other on the Anode as Oxide.— It has already been 
found that certain metals can be deposited on the anode as oxides, 
while other metals in the same solution are deposited in the 
metallic condition on the cathode. For example, in a solution 
acidified with nitric acid, copper is deposited at the cathode in 
the metallic form, but lead is precipitated on the anode as lead 
peroxide. 

III. Separation by choice of Electrolyte.— Some metals 
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are deposited froni acid solutions, other meuls can only be pre- 
cipitated from solutions which are neutral or alkaline; certain 
metals are deposited from strongly acid solutions, but others can 
only be deposited from dilute acid solutions. 

IV. Artificial alteration of Decomposition Value. — 
This can be effected by the formation of complex salts, such as 
the so-called double cyanides and the thiosulphides, or by altering 
the state of oxidation of the salt. 

V. Hollard's Methods.— -The first method of Hollard, which 
wc will call A, really comes under the heading IV, It depends 
upon the reduction of the resistance of tlie bath by suppressing 
the gas formation at the anode. This is carried out by the 
addition of reducing-agents, such as sulphurous acid, to the bath. 

Although, as shown under I., metals can be separated from each 
other by varying the potential, only metals whose polarisation 
potentials are lower than that of hydrogen can be satisfactorily 
separated in this manner. Owing to the necessity of maintaining a 
low potential, the current to deposit the metal is always weak, but 
when the polarisation potential is higher than that of hydrogen, 
then there is a greater tendency for hydrogen to separate than for 
the metal, so that the deposition of the metal is never complete. 
The metal may be fairly readily deposited at first, but when 
towards the end of the electrolysis the concentration of the 
metallic ions becomes low, then the liberation of hydrogen com- 
pletely prevents any further deposition, 
the hydrogen ions alone conveying the 
current. 

B. Secondly, Hollard find.?, that when 
a soluble anode is employed, the oxygen 
liberation is suppressed. The method is 
shown diagrammatically in Fig. 51 ; a is a 
zinc anode which is connected to the 
platinum cathode b by the wire zn. The 
anode and cathode are separated by means of a parchment 
membrane or porous diaphragm, p. 

Suppose, now, that i^ is desired in a certain solution to separate 
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nickel from zinc. This solution is placed in the cell containing the 
cathode, a solution of an indifferent substance, such as magnesium 
sulphate, being placed in the anode compartment. By this means 
a reversible cell of two liquids of the Daniell type is made. The 
current passes through the external circuit from the platinum to the 
zinc, and through the liquid from the zinc to the platinum. Nickel 
thus becomes deposited out, and the zinc remains in solution. 

C, Influence of the Nature of the Cathode. — By taking 
a cathode made of the same metal as that to be deposited the 
polarisation potential of hydrogen is raised above the polarisation 
potential of the metal to be deposited. By this means it is 
possible to precipitate such metals as lead, tin, and cadmium from 
solutions which are strongly acid. Cadmium and zinc can, for 
example, be separated by employing a platinum electrode on 
which a coating of cadmium has been already deposited. The 
cadmium is tlien deposited, but the zinc remains in solution, 

It is not intended to set forth all the possible separations of 
the different metals ; only those of the most importance will be 
given. But the student who has carefully worked through the 
depositions of the metals from pure salt solutions should be in a 
position, after a little experience, to work out methods of separa- 
tion for himself. When the separation is one in which several 
metals are to be dealt with, it is almost invariably necessary to 
combine electro- chemical and chemical methods. The separations 
will be found under the heading of tlie individual metals. The best 
form of electrode to use for the separation of the metals is generally 
the flag electrode (p. 79), because, when the flag electrode is 
removed from a solution, only a very small quantity of the solution 
which contains the other metal or metals adheres to the electrode, 
and this can generally be quite easily washed off into the beaker 
with the wash bottle. 

Generally the current density and E.M.F. will not be stated, 
except when it is different from that required in depositing from 
pure solutions; in all other cases the reference to the method will 
be given. 
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COPPER. 

Copper is one of the most readily deposited of metals, because 
it can be thrown out from strongly acid solutions, alkaline solutions, 
or solutions containing potassium cyanide. 


Copper from Iron. 

For practice in carrying out the separation of copper and iron, 
prepare a solution containing about i grm. each of copper 
sulphate and ferrous ammonium sulphate or of iron alum. Acidify 
this solution with 2 *5 to 3 c.c. of concentrated sulphuric acid, and 
dilute to 130 or 150 c.c. Electrolyse with a current density of 
about I ampere at ordinary temperatures. The time required to 
deposit all the copper will be between three and four hours; with 
warm solutions the copper can be completely deposited under 
three hours. The end reaction is found in the usual way by 
lowering the cathode slightly into the solution ; if after ten minutes 
no deposit has taken place on the freshly immersed cathode 
surface, the deposition is complete. When all the copper is 
deposited the electrode is removed, and washed and dried as 
usual. (See p. 87.) 

The solution, which now only contains the iron, has about 
4 grm. of ammonium oxalate or tartrate added to it, and is then 
neutralised with ammonia. If too much ammonia is accidentally 
added, the solution may be neutralised back with oxalic or tartaric 
acid. The mixture is now electrolysed at a temperature of 40*^ to 
50“^, with a C.D. of 0*8 to I ampere. (See p. loi.) 

The only drawback to employing sulphuric acid in the separa- 
tion is, that the copper is very often deposited in a spongy and 
non-adherent form. If, instead of using sulphuric acid, 4 to 5 c.c. 
of nitric acid is taken, then the copper is deposited in a dense and 
firm condition (p. 86). But when nitric acid is used, and there- 
fore, on neutralising, nitrates are present, the iron is often partially 
precipitated as ferric hydrate. For this reason, in this case, it is 
best to add excess of ammonia, and precipitate the iron as ferric 
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hydrata The precipitate is filtered off, washed with hot water, 
and then dissolved in a little warm solution of tartaric or oxalic 
acid. The solution is then neutralised with' ammonia and 
electrolysed as ifsual. Or the solution may be evaporated nearly 
to dryness, with a little sulphuric acid, in order to expel the 
nitric acid. The salts are then dissolved in water, 3 or 4 grm. of 
tartaric or oxalic acid added, and the solution neutralised with 
ammonia. 


Copper from Cobalt or Nickel. 

The copper is deposited as in the separation from iron, from 
solutions acidified with sulphuric or with nitric acid. The same 
remarks with reference to the character of the deposited copper 
apply in this case. Sulphuric acid has a tendency to cause a 
poorly adhering deposit, but a good deposit is invariably obtained 
when nitric acid is used. 

If sulphuric acid is taken as the electrolyte, and the other 
metal is nickel, it is only necessary to make the solution strongly 
alkaline with ammonia, after the copper has been deposited, and 
then to deposit the nickel directly from this solution (p. 92). 

If the other metal is cobalt, then, after depositing out the 
copper, the solution is made slightly alkaline with ammonia, and 
then just acid with phosphoric acid ; after which 3 grni. ammonium 
dihydrogen phosphate is added, and the cobalt deposited as 
usual from an acid phosphate solution (p. 98), 

Both cobalt and nickel are deposited with difficulty from 
solutions containing nitrates; therefore, if nitric acid has been 
employed for depositing the copper, the solution should be 
evaporated down nearly to dryness with a little sulphuric acid 
to drive off the nitric acid. It is then diluted with water, and 
treated as above described. Only in this case the borate method 
may be used for depositing the nickel (p. 95). 
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Copper from Cadmium. 

In separating copper from cadmium, either nitric acid or 
sulphuric acid can be employed, but the former gives the better 
results. 

Smith and Wallace ^ recommend the addition of 2 c.c, nitric 
acid to every 100 c.c. of solution, the solution to be electrolysed 
at a temperature of 50®, and with an E.M.F. of 2 ’5 volts, die 
current under these conditions will be o’l ampere. 

Heidenreich ^ states that good results are obtained when 15 c.c. 
sulphuric acid (I'op sp. gr.) is added to the solution, and the 
electrolysis conducted at an E.M.F. not exceeding 1*85 volts. 

When the whole of the copper has been deposited, the 
solution is made just alkaline with sodium hydrate, and sufficient 
potassium cyanide added to dissolve the precipitate of cadmium 
cyanide first formed. The solution is then electrolysed as 
described on p. 115. 

Smith also recommends separation by employment of a solu- 
tion containing hydrogen disodium phosphate and free phosphoric 
acid. He takes 20 c.c. of a solution of hydrogen disodium phos- 
phate (sp, gr. 1*035) and 10 c.c. of a solution of phosphoric^acid 
(sp. gr. I ‘347); temperature, 60°, with a current of o’o; to o’o8 
ampere, and a potential of 2*5 volta. - The time required to 
deposit the copper is about three hours. 

The cadmium can be deposited first, the copper remaining 
in solution if excess of potassium cyanide is added to the solution 
of the mixed salts. It has already been noticed under copper, 
p. 90, that when excess of potassium cyanide is present the 
deposition of the copper is prevented ; this, however, is not the 
case with cadmium. 

In order to carry out this operation, sufficient potassium 
cyanide is added to the mixed solution to dissolve the first- 
formed precipitate of copper and cadmium cyanides, and then 
3 to 4 grra. more potassium cyanide added. The E.M.F. should 

* Amer. Ckem. S&c.^ 19 , 870 ; Ame?-, Cfum. foum., 12 , 329. 

« Ba., 29 , 1585. 
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not be allowed to exceed 2 '6 or 27 volts, otherwise a portion 
of the copper may be precipitated as an alloy with the cadmium. 
The cyanide method for depositing cadmium is certainly the most 
sure, but it generally requires from six to eight hours. 

Copper from Zinc. 

Acid solutions can be employed in this separation, provided 
that the acid is not too dilute. Nitric acid, although it yields the 
best results for copper, has the disadvantage — already frequently 
noted with other metals— of preventing a satisfactory subsequent 
deposition of the zinc. When, therefore, nitric acid is employed, 
the solution must, after the copper has been deposited, be 
evaporated down almost to dryness with a little sulphuric acid, 
in order to drive off the nitric acid. The zinc salt remaining 
is then dissolved in water, and the excess of sulphuric acid 
neutralised with ammonia. Solutions containing a trace of sul- 
phuric acid give very good deposits of zinc (p. 120); the pre- 
caution of adding a little ammonia to neutralise the acid freed 
as the zinc is deposited must not be omitted, otherwise the 
deposit may commence to dissolve again. 

The deposition of zinc from cyanide solutions is not satis- 
factory, but Classen's oxalate method gives very good results. 
This method, with the necessary precautions, is set out on p. 119. 


Copper from Silver. 

In the separation of copper from silver the method usually 
employed depends upon variation of potential. Several solutions 
may be used; for example, solutions acidified with nitric acid 
or the double cyanide can be employed. As a low E.M.F. is 
of necessity employed in the operation, it follows that the current 
is also low, and therefore the separation requires some little time. 
When, a solution containing nitric acid is employed the potential 
should not exceed 1*3 to 1*4 volts, otherwise copper will be 
deposited along with the silver. The chief objection to using 



158 . Practical Electro-Chemistry. 

a solution acidified with nitric acid is the form in which the 
silver comes down, it being very often of a crystalline nature, 
and the crystals are apt to become' detached when the deposit 
is being washed. 

The regulation of the E.M.F. is of very great importance; 
the source from which the current is obtained should not have 
a potential much above that which is required in the experiment. 
One difficulty is, that when most of the silver has been deposited 
and the electrolyte becomes attenuated in silver ions, the- E.M.F. 
rises, and unless the experiment is being carefully watched, it will 
be. found that towards the end of the operation an alloy of copper 
and silver instead of pure silver has been obtained. 

Method for regulating the Potential.— When a long 
bath of copper sulphate has two electrodes placed at either end, 
the central space being free, a considerable E.M.F, is necessary 
in order to cause a current of any intensity to pass through 
the bath. Now, when in between the two electrodes plates of 
copper are hung in such a manner that they make no electrical 
contact, it is found that these plates become di-polar— the one 

side becoming anode and 
the other side cathode. 
The drop in potential be- 
tween the plates is accord- 
ing to their distance apart. 
The drop in potential in 
a lo-per-cent. copper sul- 
phate solution is about 0*3 
of a volt, when the plates 
are fixed about a centi- 
meter apart, and a current 
of ^ I ampere is passing 
through the cell. Such a 
cell is shown diagrammatical ly in Fig, '5 2. v 

In the figure there are seven plates hung independently ; two 
electrolysing cells are shown, which are connected resj^tively 
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between the — pole and plate No. 4, and between plate No. 2 and 
the + pole. If, now, the drop in potential is o’3 volt between 
each plate, it follows that by taking five plates a shunted current 
will be obtained, having an E.M.F. of 1*5 volts. Therefore the 
highest potential the bath could possibly show would be i’5 volts. 
When higher potentials are required, the distance between the two 
end electrodes is increased, with a consequent rise in E.M.F. 

It is not, of course, necessary to have so many plates in 
between, but by having a number of plates the current can be 
shunted off for a number of experiments. The main portion 
of the current passes, of course, directly through the copper bath, 
and any slight variation in the shunt circuit will have no practical 
effect upon the voltage. By increasing the current in the copper 
bath, and therefore the E.M.F., the potential of the shunt circuit 
will also be raised. It is advisable to reverse the current at the 
terminals of the copper bath every twenty-four hours or so, in 
order to keep the copper plates in condition. 

Such an arrangement as this can, of course, only be employed 
where low currents are required. 

Another good method for obtaining low voltages, but which 
docs not admit of such delicate graduation as the one just 
described, is to use cupron elements (p. 48), the RM.F, of each 
cell being about o'8 volt. Therefore 2 cells coupled in series 
give a potential of i’6, and 3 cells 2*4 volts. A thermopile can 
also be used with advantage. 

Copper from Silver in Cyanide Solution. — Both copper 
and silver can be readily deposited from solutions containing 
potassium cyanide in which they both form complex, anions. But 
the silver is deposited at a lower potential than is required to 
precipitate ihe copper. In order that silver only may be de- 
posited, the potential must not be allowed to rise above about 
1*6 to 1*7 volts. It also advisable to have a considerable 
quantity of potJtssium cyanide present, because the E.M.F. neces- 
sary to deposit copper is higher when the concentration of the 
cyanide is fairly high. The solution is made up by dissolving 
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the copper and silver salts in water, and adding sufficient of ^ 
solution of potassium cyanide to dissolve the precipitate firet 
formed, then about another 3 or 4 grm. of potassium cyanide 
is added to the solution. After all the silver has been deposited, 
which can be ascertained by boiling a few cubic centimeters of 
the solution with a drop or two of hydrochloric acid—this portion 
withdrawn must be returned again, — the copper can be deposited 
by raising the E.M.K. Since, however, the cyanide solution 
is rather strong for the satisfactory deposition of copper, a little 
sulphuric acid is added to it in order to decompose the excess 
of potassium cyanide — this must^ of course^ he done in the draught 
cupboards 

Separation in Nitric Acid Solutions.^ — In solutions 
containing nitric acid the silver is deposited without the copper 
if the potential is not allowed to rise above i ’3 to i'4 volts. As 
soon as all the silver is deposited, the E.M.F, is increased, and 
this causes the copper to be deposited. 

The separation of silver by either of these methods may take 
a considerable time if there is any quantity of the silver salt 
present, from ten to fifteen hours often being required to remove 
less than 0*5 grm, of silver. Therefore these separations are best 
conducted overnight. 


Copper from Mercury. 

These metals may be separated by means of solution in 
potassium cyanide, the mercury being deposited out at a lower 
potential than the copper. Smith and Spencer “ recommend to 
electrolyse at a temperature of 55° to 70°, with a C.D. of 0*06 to 
o’o8 ampere; the E.M.F. must not exceed 2*5 volts,* About o'l 
grm. mercury can thus be deposited in from three to four hours. 
For this quantity of mercury, and an equal quantity of copper, 

* Kiliani, Berg, und HuUen Zeit.f 1883 , 375 ; Freudenbuig, Zeit.f. Phys. 
Chem.^ 12 , 197. 

« * Amer, Ckem, Soc,^ 1894. 
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about I to 2 grm. of potassium cyanide is sufficient. When all 
the mercury is deposited out, the current is increased, and the 
copper is in turn precipitated. 

Copper from Lead. 

13 y using solutions containing a considerable quantity of nitric 
acid, there is no difficulty in depositing copper and lead simul- 
taneously. A sand-blasted flag electrode or roughened basin is 
made the anode, the cathode being of the usual wire form generally 
employed is the anode. 

To every loo c.c. of solution about 7 to 8 grm. of con- 
centrated nitric acid is added, and the solution electrolysed at a 
temperature of 55° to 60°. The C.D. may be from i to 175 
amperes, and the E.M.F. will be about j‘4 to 1*5 volts. 

The lead is all deposited in about an hour and a lialf, but 
the copper takes considerably longer to deposit. If the amount 
of copper is large, it is better to stop the electrolysis when the 
whole of the lead has been thrown out, and remove the electrode 
on which the peroxide has been deposited. A fresh cathode of 
larger surface is then placed in the solution, and the electrolysis 
of the copper recommenced, the original cathode being now the 
anode. This change of electrode is rather tiresome when a basin 
anode has been employed, but it entails no trouble with a flag 
electrode. The deposition of the copper is carried out according 
to the usual method of operation in solutions containing nitric 
acid (p. 86). It is sometimes advisable to partially neutralise the 
excess of nitric acid after the lead has been deposited, because 
copper is only slowly thrown out from solutions containing very 
large quantities of nitric acid. 

Copper from Manganese. 

Copper and manganese can be separated in much the same 
manner as copper and lead, only if nitric acid is employed its 
amount must not exceed 3 or 4 per cent., because with stronger 


M 
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solutions of nitric acid permanganic acid is produced and no 
anode deposit is formed. It will be remembered that considerable 
difficulty is experienced in obtaining a satisfactory and adherent 
anode deposit of manganese oxide; in fact, the only really 
satisfactory method is the one d^cribed on p, 139. There it is 
mentioned that in cases of separation small quantities of a mineral 
acid may be added. 

The solution is therefore made up by dissolving the manganese 
and copper salt in water, adding about 2 to 3 grm. of chrome 
alum, about 8 grm. of ammonium acetate, and 2 c.c. of sulphuric 
acid. ■ This mixture is then electrolysed with a C.D. of o*6 to i 
ampere, at a temperature of 75® to 80®.. The copper will, probably 
be deposited in a badly adhering form, and it may be advisable to 
redissolve it in nitric acid and re-deposit it. 

With care the copper and manganese can he separated from 
solutions containing about 2 to 3 per cent, of nitric acid; but 
the manganese deposit is rarely satisfactory, although the copper 
is generally quite good. But as the manganese deposit is not 
very readily dissolved up again, this method is not of much 
value, owing to the difficulty of obtaining a solution of the 
manganese if it is desired to re-deposit the metal. 

Separation of Copper from Antimony. See p. 181. 

Separation of Copper from Gold. See p. 186. 


IRON. 

Iron from Copper. 

This separation will be found on p. 154. 


Iron from Silver, 

Since silver can be deposited from solutions containing excess 
of nitric acid, we have here a method of separation of iron from 
silver. ' As, however, the deposit of silver is not always satisfactory 
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from solutions containing nitric acid, and as the presence of nitrates 
is harmful when depositing iron, this method is hardly to be 
recommended. Silver is likewise readily deposited from solutions 
which contain potassium cyanide, but iron is not ; seeing likewise 
that the cyanides can be afterwards decomposed by boiling with 
dilute sulphuric acid, the cyanide method is fairly satisfactory. 

The solution containing the salts of iron and silver has about 
2 or 3 grm. of potassium cyanide added to it, and the clear 
solution is electrolysed at a temperature of from 50° to 60°, an 
E.M.F. of about 2*2 to 2 '5 volts being employed, The electrolytic 
separation of iron and silver is not of any importance. 


Iron from Mercury. 

The separation of iron from mercury is readily carried out i]i 
solutions acidified with nitric acid (see Mercury, p. 105). Here 
again, however, it is necessary to remove the nitric acid or nitrates 
before adding ammonium oxalate or ammonium tartrate. In order 
to effect the removal of the nitric acid, a few cubic centimeters 
of sulphuric acid are added, and the solution evaporated nearly to 
dryness. It is then taken up with water, the excess of amm^onia 
added, and the alkaline solution then neutralised with oxalic or 
tartaric acid. 

Iron and mercury can likewise be satisfactorily separated in 
solutions acidulated with sulphuric acid. Add i c.c. of strong 
sulphuric acid to the solution, and dilute to 130 c.c. Electrolyse 
at a temperature of 60° with a current of o'4 to o‘6 ampere. In 
about an hour and a half the whole of the mercury will be 
deposited. 

Mercury can be readily deposited from solutions containing 
excess of sodium sulphide (p. ro6), whereas iron does not go into 
solution, but is precipitated as sulphide. This method may be made 
use of to separate the two metals. Excess of sodium sulphide is 
added to a hot neutral solution of the two metals, and the mixture 
is boiled for a few minutes, and then filtered. The iron sulphide is 
washed with a little hot water, the washmgs being added to tjie 
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solution of the mercury sulphide. The mercury is then electrolysed 
in the usual manner, care being taken that there is a sufficient 
excess of sodium sulphide present. The iron sulphide is dissolved 
in a little dilute sulphuric acid, and the solution boiled to drive off 
the sulphuretted hydrogen. It is then made alkaline with ammonia, 
and neutralised with oxalic or tartaric acid, and electrolysed as 
usual. 


Iron from Zinc, 

Iron is not deposited from solutions containing free sulphuric 
acid, whereas zinc can be precipitated from such solutions, pro- 
vided there is not a large excess of sulphuric acid present. It 
might therefore he supposed that there would be no difficulty in 
thus effecting a separation ] this, however, is not the case. When 
a mixed solution of an iron and zinc salt containing a small 
quantity of sulphuric acid is electrolysed, an alloy of zinc and 
iron is obtained. Although this might appear to entirely invalidate 
the method, this is not the case, because the whole of the iron 
and zinc can be deposited as an alloy, and the alloy, after being 
weighed, is dissolved in dilute sulphuric acid. The iron goes into 
solution in the fenous state, and can then be titrated with standard 
permanganate. The difference in the quantity of iron found and 
of the total weight of the alloy represents the weight of the zinc. 

There are several solutions from which the alloy of zinc and 
iron may be deposited. Classen uses the double oxalate method. 

1 . The neutral solution of zinc and iron is poured into a hot 
solution of 8 to 10 grm. of ammonium oxalate. During the 
electrolysis the mixture is kept just acid by addition of small 
quantities of oxalic acid. The solution may be electrolysed warm 
with a C.D. of from 0*5 to i ampere. 

When the electrolysis is finished, the electrode is removed, 
and washed and dried as usual ; it is then weighed. The electrode 
is now placed in about 30 per cent, sulphuric acid, and the solution 
gently warmed, when the deposit slowly dissolves. As soon as 
the whole of the deposited metal has dissolved, the solution is 



Separation of the Metals. 165 

diluted with water, and titrated with standard potassium per- 
manganate, the amount of iron being thus estimated. 

If the amount of zinc in the original alloy is too great, there is 
a tendency for it to go into solution again towards the end of tlie 
reaction, and, at the same time, for hydrated oxide of iron to be 
precipitated. 

II. The separation can also be very satisfactorily carried out 
from solutions containing sodium sulphate, and traces of free 
sulphuric acid. Here, again, if there is a large excess of zinc 
present, it shows a tendency to go into solution towards the end 
of the operation, if the precaution of adding small quantities of 
ammonia from time to time is omitted (p. 120). A C.D. of o'4 to 
o’8 ampere may be used, and the solution electrolysed cold. 

HI. Vortmann recommends the use of Rochelle salt and 
caustic soda : 3 or 4 grm. of Rochelle salt is added to the solution, 
and then an excess of 10 to 20 per cent, caustic soda solution. 
The mixture is then electrolysed with a low C.D. of o'oy to ot 
ampere. Toward the end of the electrolysis the temperature is 
advantageously increased to 50° or 60® The whole of the iron is 
deposited in three or four hours, while the zinc remains in solution. 

Hollard and Bertiaux ^ find, by first adding sulphurous acid to 
the solution of the sulphates of iron and zinc, then after nearly 
neutralising with sodium hydrate adding potassium cyanide, which 
produces potassium ferrocyanide, that only zinc is deposited. 

Note. — In the deposition of zinc, it must be borne in mind that 
platinum electrodes should not be used for the reasons set out on 
p. 120, When an alloy is produced, and the solution has afterwards 
to be titrated with permanganate, the platinum should first be 
coated with silver, because the presence of copper would interfere 
with the end reaction. 

Iron from Nickel and Cobalt. 

The most satisfactory way of estimating iron in presence of 
nickel or cobalt is again the method of alloy. Classen uses 

‘ Compt. JRendus, 136 , 1266. 
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his double oxalate method, and deposits the nickel and iron 
together as an alloy. The alloy is then weighed, and afterwards 
dissolved in sulphuric or hydrochloric acid, and the solution 
titrated with potassium permanganate in order to estimate the 
iron. 

The mixed iron and nickel salt is poured into a solution of 
about 6 to 8 grm. of ammonium oxalate, and the mixture electro- 
lysed at a temperature of 6o° to 70°, with a C.D, of 0*5 to J'5 
ampere, the whole of the metals being deposited in the form of 
an alloy in from two and a half to three hours. 

The alloy of iron and nickel is extremely difficult to dissolve 
in either dilute sulphuric or hydrochloric acids, although either 
acid will dissolve it if given sufficient time. Fairly concentrated 
warm hydrochloric acid is the best solvent, but the iron must then 

N 

be titrated with — potassium dichromate. 

10 . 

Ammonium tartrate may be used for this separation quite as 
satisfactorily as ammonium oxalate, in fact the deposit often has a 
better appearance from this solution than from the oxalate solution. 

A mixture of iron and cobalt is treated in exactly the same 
manner as for nickel and iron. The only difficulty is due to the 
red colour of the solution when titrating the iron. This red colour 
can, however, be neutralised by addition of small quantities of 
nickel sulphate to the solution, a solution of the green nickel salt 
and the red cobalt salt producing an almost colourless liquid. 

Iron from Chromium. 

Wlien a mixed solution containing iron and chromium is 
electrolysed after addition of ammonium oxalate or tartrate, the 
iron is deposited at the cathode as usual, and the whole of the 
chromium salt is converted into the form of a chromate. When 
the deposition of the iron is completed, the electrode is removed, 
and washed and dried as usual. 

The solution now contains the chromium compound as 
chromate, which may be estimated by acidifying the solutions 
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with dilute sulphuric acid and titrating with ferrous ammonium 
sulphate. This estimation can be carried out either by an addition 
of an excess of a weighed quantity of ferrous ammonium sulphate 
and titrating back with potassium permanganate— the end reaction, 
however, is rather difficult to see ; or by titrating with a standard 
solution of ferrous ammonium sulphate, using potassium ferri- 
cyanide as an indicator. 

Another method is to acidify the solution with sulphuric acid 
and reduce the chromate with sulphurous acid; or reduce by 
acidifying with hydrochloric acid and boiling with alcohol. The 
chromium in the reduced solution is then precipitated as hydroxide 
by addition of ammonia, and the hydroxide is filtered off, washed, 
dried, and ignited, the chromium being estimated as Cr^Oa- 


Iron from Aluminium. 

A method somewhat similar to that employed in separating 
iron from chromium may be employed for separating iron and 
aluminium. Excess of ammonium oxalate or tartrate, about 8 to 
10 grm„ is added to the neutral solution of the mixed metals, and 
the solution electrolysed as usual. 

At the commencement of the electrolysis only iron is deposited, 
but as the quantity of iron decreases, and ammonium carbonate is 
produced by the decomposition of the ammonium oxalate, small 
quantities of aluminium hydroxide may be deposited as white 
gelatinous flakes. If the quantity of aluminium hydroxide thus 
deposited is only small, it can be neglected. But when a con- 
siderable amount is thrown out, it has a tendency to adhere to 
the negative electrode, and is then rather difficult to remove ; this 
causes the weight of iron to appear too high, and that of the 
aluminium too low. In this case it is best to add a slight excess 
of oxalic acid, in order to bring the hydroxide into solution again ; 
on further electrolysing, the whole of the iron is thrown out. The 
aluminium in the solution is estimated by addition of excess of 
ammonium hydrate, whereby the aluminium is precipitated as 
hydroxide, and is then estimated in the usual manner as AI2O3. 1 
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When ammonium tartrate is used as electrolyte, the aluminium 
hydroxide is not precipitated, therefore it is to be recommended 
rather than the oxalate. In this latter case, the C.D. should not 
exceed i ampere, but is better to be kept at o‘8 of an ampere. 

According to Hollard and Bertiaux,^ the addition of sulphurous 
acid to the electrolyte prevents the deposition of aluminium 
hydroxide, when oxalate solutions of aluminium and iron are 
electrolysed. 


Iron and Manganese, 

As iron and manganese are constantly met occurring together, 
and as the ordinary methods of separation of these two metals are 
not very satisfactory, a good electrolytic method would be of 
great importance. Owing to these causes a great many attempts 
to obtain a satisfactory separation have been made, but it is only 
quite recently that a successful process has been devised. It 
might be supposed, seeing that manganese can readily be deposited 
at the anode, but that iron is always precipitated on the cathode, 
that there should be no difficulty in devising a separation. But 
unfortunately there is a great tendency on the part of the iron to 
be deposited in greater or less quantities as hydrated oxide along 
with the manganese oxide. 

Classen has recommended his oxalate method for separating 
iron and manganese, but there is here always a tendency for a 
mixture of ferric hydrate to be deposited along with the manganese 
hydrate at the anode. 

A. Hollard and Bertiaux ^ find that the addition of sulphurous 
acid prevents the precipitation of the iron oxide. The electrolyte 
consists of a mixture of ammonium citrate and ammonium 
sulphate, about 3 to 4 grm. of each. The solution is electrolysed 
with a C.D. of i ampere, and at a temperature of 48° It is found 
that the iron is deposited more rapidly than the manganese, there- 
fore the larger electrode, e,g. the basin or flag, is made the cathode. 

^ Comft. Rmdus^ 1903* 186 , 1266, 

* 1903, 186, 1266. 
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As soon as all the iron has been deposited, the cathode is removed, 
the iron dissolved in dilute sulphuric acid, and titrated with 
potassium permanganate. A certain amount of the cathode 
deposit may consist of iron sulphide, and when this is dissolved, 
sulphuretted hydrogen is evolved. It is necessary, of course, to 
make sure this has all been driven off before titrating with per- 
manganate. 

The larger electrode is now made the anode, the smaller 
previous anode coated with some of the peroxide being now the 
cathode. This coating of peroxide passes into solution, and, 
together with the manganese remaining in the original solution, 
is deposited upon the anode. The temperature employed for this 
latter electrolysis is 90° to 95°, The amount of the deposited 
manganese is determined by ascertaining how much iodine is 
liberated by it from an acid solution of potassium iodide. 

UnO, -f 3HI + H,SO, = MnS04 + 2H3O + 

When a solution containing iron and manganese, to which has 
been added an excess of ammonium oxalate, is electrolysed, the 
iron commences to come down before the manganese, and it is 
only after some little time that the manganese peroxide commences 
to separate. As soon as the manganese begins to separate, J. 
Kuster ^ finds that the addition of small quantities of phosphorous 
acid, added from time to time during the first two hours of the 
electrolysis, prevents the deposition of ferric hydrate, and likewise 
prevents the precipitation of manganese peroxide. 

The solution is electrolysed with a C.D. of 1*5 to. 2 amperes 
at ordinary temperatures, and as soon as the manganese com- 
mences to be deposited at the anode, i or 2 c.c. of a lo-per-cent. 
solution of phosphorous acid is added. The manganese deposit 
immediately vanishes, and the solution becomes reddish. As 
more manganese is thrown out, a further quantity of phosphorous 
acid is added. After about 2 hours, when the main portion of 
iron has been deposited, it is no longer necessary to add any more 
phosphorous acid. The addition of about 15 c.c. of phosphorous 
* 1903, 36 , 2716. 
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acid at the commencement of the operation entirely prevents the 
deposition of manganese peroxide. Too much phosphorous acid 
should not be added, because this causes the iron to be pre- 
cipitated very slowly. The whole of the iron is deposited in from 
five to ten hours, depending upon the amount of phosphorous acid 
added. Toward the end of the reaction the solution becomes 
dark brown in colour, and may be opaque from the presence of 
more or less precipitated hydrated oxide of manganese. On 
dilution with water the hydroxide is thrown out 

Iron from Lead. 

Iron can readily be separated from lead by electrolysing in a 
solution containing excess of nitric acid. The lead is deposited 
at the anode as peroxide, and the iron remains in solution. 
Before depositing the iron, it is necessary to get rid of the nitric 
acid. The best way is to precipitate the iron as ferric hydrate by 
the addition of excess of ammonia j the precipitate is then well 
washed with hot water and dissolved in oxalic acid, and the 
oxalic acid solution neutralised with ammonia. Or the ferric 
hydrate may be dissolved in tartaric acid, the solution exactly 
neutralised with ammonia, and the iron deposited as usual. 

COBALT AND NICKEL. 

Many attempts have been made to separate cobalt and nickel 
electrolytically, but none of the methods so far published can be 
said to give very satisfactory results. The only method which can 
be at all recommended is that of A. Coehn and M. Glaser, ^ and 
even this cannot be termed absolutely quantitative, but probably 
with a little alteration it might be improved. 

The process depends upon the simultaneous deposition of the 
two metals— nickel at the cathode and cobalt at the anode. 
In order to deposit cobalt quantitatively at the anode, naturally 
the metal must, by some means or other, be prevented from being 
^ Zeit.f Anorg. S3, 9 . 
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precipitated on the cathode. Now, as hydrogen is only deposited 
o‘z2 volts higher than cobalt, too high an E.M.F. must not be 
employed, or else one must employ some method in which the 
deposition takes place at a lower potential than that at which 
the H ions are discharged, e.g. the addition of a chromate to the 
solution. The method employed by Coehn and Glaser is as 
follows : — 

To the neutral solution, which should not contain more than 
o'T grm. of cobalt, o*i to 0*2 grm. KaCraO^ is added, and 3 to 
4 grm. potassium sulphate. The solution which is made up to 
500 c.c. is electrolysed with an E.M,F. of 2 '3 to 2*4 volts, the current 
being about o'lo to o'i5 ampere. In about ten hours the whole 
of the cobalt is deposited as peroxide, and the nickel as metal on 
the cathode. The cobalt oxide deposit is afterwards dissolved in 
acid, and after neutralisation deposited in the usual manner in the 
metallic form on the cathode. 

Cobalt and Nickel from Iron. — See p, 165. 


Cobalt and Nickel from Copper. 

The solution containing the cobalt and copper salts or a 
mixture of all these is electrolysed in a solution containing an 
excess of nitric acid. Copper only is deposited on the cathode, 
the nickel and cobalt remaining in solution. 

As both nickel and cobalt are only deposited with difficulty 
from solutions containing nitric acid or nitrates, the solution 
remaining after the copper has been deposited must be evaporated 
to small bulk with sulphuric acid in order to drive off the nitric 
acid. The cobalt or nickel are then analysed in the usual manner. 


Cobalt and Nickel from Silver. 

Two methods may be used to effect the separation of nickel 
or cobalt from silver. Either a solution acidified with nitric acid 
can be employed, or a solution containing the double cyanides 
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of these metals. Solutions of the double cyanide are preferable. 
The E.M.F. is kept as low as possible, a current of o'l ampere 
being employed, but however much care is taken, there is always 
a tendency for the silver and nickel to be deposited together. 
Seeing with what great ease silver can be separated from cobalt 
and nickel by ordinary chemical means, it is obvious that there 
is no advantage to be obtained by employing the somewhat 
doubtful electrolytic method. 


Cobalt and Nickel from Zinc. 

The mixed salts are dissolved in water, and then poured into 
a solution of from 5 to 6 grm. of rochelle salt (potassium sodium 
tartrate) and then excess of sodium hydrate added, after which 
the solution is made up to the required bulk. A current of from 
o'3 to 0-6 ampere may be used. The zinc is deposited, but the 
nickel and cobalt remain in solution, the whole of the zinc is 
deposited in from three to four hours. With cobalt salts there is 
a tendency for part of the cobalt to be deposited at the anode as 
oxide ; if this should be noticed, the addition of small quantities 
of hydroxylamin sulphate or chloride from time to time will cause 
it to dissolve off, or a small quantity of potassium iodide may 
be added. There is a marked tendency for the zinc to be 
deposited in a spongy form, and to be very burnt in appearance. 


Cobalt and Nickel from Lead. 

This separation is readily carried out in solutions containing 
excess of nitric acid. The cobalt and nickel are not deposited, 
but the lead is precipitated as peroxide on the anode, A current 
of 1 to 1*5 amperes may be employed, and the solution is best 
electrolysed at 60° to 70®. If it is afterwards desired to deposit 
the nickel or cobalt, the nitric acid must first be got rid of, 
because in presence of nitrates the metals are thrown out exceed- 
ingly slowly, although the deposits are often extremely good. 
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Cobalt and Nickel from Manganese. 

The separation of nickel or cobalt from manganese may be 
carried out in a similar manner to that described for separating 
iron and manganese. The method can, however, hardly be 
recommended as being one of any great degree of accuracy 
(see p. 168). 

Nickel and Cobalt from Mercury. 

This separation can be carried out in solutions containing free 
nitric or sulphuric acid. Owing to the fact that nickel and cobalt 
are only slowly deposited from solutions containing nitrates, it 
is better in this case to use solutions containing about 3 per 
cent, of sulphuric acid. The electrolysis may either be conducted 
at ordinary temperatures or at a temperature of 55'’ to 70°; the 
ordinary precautions adopted in depositing mercury must be 
observed (see p. 104). 

Beside employing acid solutions, solutions containing potas- 
sium cyanide may be used; from the latter solution, nickel and 
cobalt are only deposited with currents of a considerable E.M.F., 
whereas mercury can be deposited readily with currents of low 
potential, from about i‘5 volts. It is best to electrolyse at a 
temperature of from 55° to 70°; the presence of cobalt causes the 
mercury to be deposited more slowly. Generally speaking, about 
0*3 grm. of mercury can be deposited in about three hours, but it 
may require from four to five hours. The E.M.F. should not rise 
above 1*9 volts. 


MERCURY, 

The separation of mercury from the other metals can be carried 
out on much the same lines as the methods adopted for separating 
silver from other metals. 

Separation of Mercury from Copper. — See p. 160. 
Separation of Mercury from Iron.— See p. 163. 



1/4 Practical Electro-Chemistry. 

Separation of Mercury from Cobalt and Nickel.— 

See p. 173. 

Mercury from Lead.' 

It might be supposed that mercury and lead could be very 
readily separated by elcctrolytical methods, in solutions contain- 
ing nitric acid, the mercury being deposited on the cathode, and 
the lead as peroxide at the anode. To a considerable extent this 
does take place; but if less than 15 per cent, of nitric acid be 
present, the lead is only partially deposited at the anode, a portion 
coming down as metal at the cathode and forming an amalgam 
with the mercury. If low currents are employed, this combined 
deposition at the cathode can be almost completely prevented. 
The C.D. should not be above o' 2 ampere, and there should be 
from 25 to 30 c.c. of nitric acid (sp. gr. i'3) added for every 150 
C.C. of solution. 

Mercury from Manganese, 

From solutions containing free sulphuric acid and a small 
quantity of chrome alum, mercury and manganese can be separated, 
the manganese being deposited on the anode as oxide, and the 
mercury on the cathode. The smaller electrode must be used 
as cathode ; for the rest, it is only necessary to use the conditions 
and precautions necessary for depositing manganese, in order to 
obtain a complete separation (see p. 138). 

Mercury from Siiver and Gold. 

It is not possible to directly separate mercury from silver and 
gold by electrolytic means, as the decomposition values of the 
salts of these three metals lie too closely together. But mercury 
and siiver or mercury and gold can readily be obtained as 
amalgams, either from solutions containing free nitric acid or 
from cyanide solutions. 

^ Smith and Moyer, Zeit. /. Artorg, Chm.^ 4 , 267. Heidenreich, Ber^ 

1585. 
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The C.D. may vary from o'l to 07 amperes. When- the 
mercury and silver or mercury and gold have been deposited, the 
amalgam is weighed, and then the mercury driven off by heating ; 
on cooling and again weighing, the loss of weight represents the 
amount of mercury which had been deposited. Care must be 
taken not to heat the amalgam to too high a temperature, or 
there will be a danger of causing the silver or gold to alloy 
with the platinum electrode. In order to make quite sure that 
the whole of the mercury has been driven off, the electrode 
should be again heated, and, if any loss in weight is noticed, 
it must be heated until a constant weight is obtained. 

Mercury from Antimony. 

When a solution containing a mixture of mercury and 
antimony salts is electrolysed with a current of from o'ois to 
0*09 ampere and an E.M.F. of 2*0 to 3*6 volts, the whole of 
the mercury is deposited, while the antimony remains in solution. 
About 5 grm. of tartaric acid and 15 to 20 c.c. of lo-per-cent. 
ammonia is added to the solution to be electrolysed, which, after 
heating to 50® or 60°, is electrolysed with the currents above 
stated j the antimony must be present in the higher state of oxida- 
tion. The deposition requires about six or seven hours. After 
all the mercury has been deposited, the antimony can either be 
deposited from the same solution by rendering it quite neutral, and 
passing a current of from o'S to o '8 ampere — the electrolysis is 
best conducted at ordinary temperatures ^ or the antimony can 
be precipitated with sulphuretted hydrogen, dissolved in excess 
of sodium sulphide, and electrolysed as described on p. 108. 


Mercury from Arsenic. 

Mercury can readily be separated from arsenic, from solutions 
containing free nitric acid ; about i to 3 per cent, is sufficient 
The E.M.F. should not exceed i'8 volts; the mercury, is de- 
posited, and the arsenic remains in solution. When high currents 
are employed, the deposited mercury is contaminated with arseny. 
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Mercury from Tin, 

Mercury can be separated from tin in an exactly similar 
manner to that employed in separating it from antimony, nam^y, 
from solutions containing tartaric acid and ammonium tartrate. 
The mercury salt should first be added to the tartaric acid, and 
then the ammonia mixed with it, after which the tin salt may be 
added, and the mixture electrolysed at a temperature of 55° the 
potential not being allowed to exceed 1*7 volts. 

Mercury can also be separated from tin by taking advantage 
of the fact that, although mercury can be deposited from solutions 
containing a large excess of sodium sulphide, tin is not precipi- 
tated from such solutions by the electric current. About 20 to 30 
c.c. of a concentrated solution of sodium sulphide is added to 
the mixture of mercury and tin, and the solution diluted to 125 
or 130 c.c. 

This mixture is then electrolysed with a current of from c i 
to 0*15 ampere, the temperature being about *jo°; under these 
conditions the E.M.F. will be about 2*5 volts. In about five or 
six hours the whole of the mercury will have been deposited. 

SILVER, 

Separation of Silver from Copper.— See p. 157. 

Separation of Silver from Iron.— See p. 162, 

Separation of Silver from Nickel and Cobalt.— See 
P- 171- 

Separation of Silver from Mercury. — See p. 174. 

Silver from Cadmium. 

From Cyanide Solution. — About 2 grm, of potassium 
cyanide — which must be pure, otherwise the silver deposit may 
be brown in colour— is added to the solution containing the 
cadmium and silver salts, and the solution diluted to about 130 c.c. 
\Yith low currents of 0*02 to 0*03 ampere, ^nd at a temperature of 
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6o® to the whole of the silver will be deposited, while the 
cadmium will remain in solution. The E.M.F, will be about 
2 ’I volts; from five to six hours will be required to deposit 
O' I to o’2 grm, of silver. 

The cadmium can either be deposited from the cyanide solu- 
tion by increasing the current to 0*5 or o'8 ampere, or the cyanide 
can be decomposed, and one of the other methods described 
under Cadmium (p. 114) may be employed for its deposition. 

From Nitric Acid Solution. — To the solution of the 
mixed salts add 10 to 12 c.c. of nitric acid (sp. gr. i'4),and make 
up. to 130 or 140 c.c. Heat to 60® or 65°, and electrolyse with 
a low cunent, so^ that the E.M.F. shall not exceed 2*0 to 2*8 
volts. The silver may in this case be deposited in a more or 
less crystalline form, and probably will not adhere very well to the 
electrode. 

The cadmium remains in solution, and can be deposited by 
adding excess of sodium or ammonium acetate to neutralise the 
nitric acid, and then electrolysing with a current of o'l to o'2 
ampere. 


Silver from Lead. 

Add 8 c.c. concentrated nitric acid to the solution containing 
the mixture of lead and silver salts, and then make up to about 
150 C.C, Electrolyse at a temperature of 80°, with a current of 
o‘i8 to o’2 ampere. The silver and lead are deposited simuU 
taneously—the silver on the cathode, the lead on the anode as 
peroxide. The usual precautions as to washing and drying the 
deposits, necessary for silver and lead, are adopted. 

For the estimation of small quantities of silver in presence of 
large amounts of lead, see p. i8g. 

Silver from Tin. 

The separation of silver from tin is best carried out by a 
combination of chemical and electrolytical methods, and may 
be done as follows : — 


N 
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Pass sulphuretted hydrogen into the add solution containing 
the tin and silver salts. Pilter off the mixed sulphides, well wash 
with water, and then treat with successive small quantities of 
ammonium sulphide. 

The tin sulphide dissolves, and the solution so obtained, after 
dilation to the requisite volume, is electrolysed hot, with a current 
of 0*5 to I ampere, the usual precautions necessary to electro- 
lysing tin being followed. (See p. 112.) 

The silver sulphide is washed with water and dissolved in a 
solution of potassium cyanide, or dissolved in warm nitric acid, 
evaporated to small bulk to drive off excess of nitric acid, 
neutralised with ammonia and treated with potassium cyanide. 
It is then electrolysed as described on p. 121. 


Silver from Antimony. 

The separation of silver from antimony is similar to that 
employed for separating it from tin. The mixed sulphides are 
treated with ammonium sulphide, or better with sodium sulphide, 
and the antimony solution so obtained electrolysed as usual j the 
silver, after treatment with potassium cyanide, electrolysed sc. 

Silver and antimony can also be separated by purely electro- 
lytical methods, and these are extremely exact when carried out 
with care. According to A. Fischer,^ the metals can be separated 
from a solution in nitric acid in the following manner 

I. To a solution of the antimony and silver salt, the total 
volume of which is 160 c.c., 5 grm. of tartaric acid and 2 c.c. of 
nitric acid (sp. gr. i‘4)are added, This solution is electrolysed in 
the cold with an E.M.F. of 1*3 to i‘5 volt, the current varying from 
o’oi to o’o5 ampere. Under these conditions the time required 
is about eighteen hours. But at a temperature of 50® to 60**, with 
the same E.M.F., the current is 0’02 to o'i2 ampere, and the 
whole of the silver is deposited in eight to nine hours, 

When the whole of the silver has been deposited out, the 
solution is evaporated to small bulk, made alkaline with sodium 
‘ 86, 3345. 
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hydrate, and about 8o c.c. of sodium sulphide added. If the 
solution is yellow, potassium cyanide may be added until it 
becomes cOldurless. The antimony is then deposited from this 
solution in the usual manner (p. io8). 

11 . The separation can also be carried out from solutions con- 
taining potassium cyanide and tartaric acid ; the addition of tartaric 
acid is necessary to cause the solution of the antimony salt. The 
electrolysis can either be conducted at the ordinary temperature, 
when eighteen hours are required to deposit all the silver, or at 
30° to 50°, when eight hours are sufficient. 

Procedure. — Add to the solution a solution of from 3 to 
5 grm. potassium cyanide and 0*5 to i grm. of tartaric acid : the 
mixture is.then made up to 150 to 160 c.c.^and electrolysed with 
art E.M.F. of 2 '0 to 2 ‘4 volts. The antimony, when in the pentad 
condition, is not deposited unless the E.M.F. rises above 2’6 
volts; but when it is in the lower state of oxidation it begins 
to be reduced at 2*0 to 2*1 volts; therefore, in order to separate 
the two metals in potassium cyanide solution, the antimony must 
be in the pentad condition. 

It is important that the potassium cyanide employed should 
be of the purest, otherwise the solution becomes brown, and 
polymerisation products of hydrocyanic acid may be deposited 
upon the silver, and lead to incorrect results. 

When the whole of the silver has been deposited, the solution 
is evaporated to small bulk, and 70 to 80 c.c. of sodium sulphide 
added ; the antimony is then deposited as usual 

Silver from Zinc. 

Both zinc and silver can be deposited from cyanide solutions, 
but the silver can be deposited at a much lower potential than 
tl)e zinc. If, therefore, a low current density is employed, the 
E.M.F, obtained is not sufficient to deposit the zinc; while it is 
quite high enough to decompose the silver solution. With a 
current density of 0*025 to 0*035, E.M.F. is about 2*65 to 
2*75 vodts; in about three or four hours the whole of the silver 
will te deposited. 
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Since the deposition of zinc from cyanide solutions is extremely 
slow and rather uncertain, it is best to decompose the cyanide 
by warming with small quantities of sulphuric acid, and, after 
nearly neutralising the excess of sulphuric acid with ammonium 
hydrate, electrolysing with a C.D. of 0*03 to o’o6 ampere. The 
whole of the zinc will be deposited in about two or three hours. 
For the precautions necessary when depositing zinc from sulphuric 
acid solutions, see p. 120, 


LEAD. 

Separation of Lead from Copper.— See p. 161. 
Separation of Lead from Iron.— See p. 170. 
Separation of Lead from Cobalt and Nickel,— See 

р. 172. 

Separation of Lead from Mercury.— See p. 174. 
Separation of Lead from Silver.— See p. 177. 

Separation of Lead from Antimony. 

Antimony and lead are often found together in alloys, there- 
fore a good method of separating these metals would be extremely 
useful. Neumann and Nissenson^ recommend dissolving the 
alloy (2 ’5 grm.) in a warm mixture of 10 grm. of tartaric acid, 15 

с. c. water, and 4 c.c. nitric acid (sp. gr, 1*4). A clear solution 
can thus be obtained, and to this is added 4 c,c. of concentrated 
sulphuric acid; on cooling, the solution is made up to 250 c.c. 
The precipitated lead sulphate is then filtered off, and, in order 
to determine the antimony, 50 c.c. of the filtrate is made strongly 
alkaline with caustic soda, and 50 c.c. of a strong solution of 
sodium sulphide added. The mixture is then warmed, and, if 
necessary, it is filtered, and the clear solution electrolysed for 
antimony as usual with a current density of 1*5 to 1*75 amperes. 
(See p. 108.) 

^ Neumann and Nissenson., Chtm. Zeit., 1896, 49 . 
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If it is desired to estimate the lead, the lead sulphate is 
digested with a little concentrated ammonium hydrate for a few 
minutes. The lead sulphate is thereby converted into hydrate, 
then it is cautiously washed into a solution of 20 c.c. nitric 
acid. After making up to the required bulk, the solution is 
electrolysed as usual (p. 137). 

ANTIMONY. 

Separation of Antimony from Silver. — See p. 178. 

Separation of Antimony from Mercury, — See p, 175. 


Antimony from Copper. 

Copper may be separated from antimony in solutions con- 
taining tartrates, the copper being deposited, the antimony 
remaining in solution.^ To a solution containing about o'l grm. 
of the two metals add 8 grm. of tartaric acid and 25 c.c. of strong 
ammonia. It is necessary for the antimony to be present in the 
pentad condition. Heat the mixture to 50°, and electrolyse with 
a current density of o'o8 to 0*10 ampere; the E.M.F will be about 
I ‘8 to 2*0 volts. The whole of the copper is deposited in from 
five to six hours. The antimony can then be deposited, by making 
the solution exactly neutral with tartaric acid, and electrolysing the 
hot solution with a current of o’2 to 0*5 ampere. (See p. in.) 


Antimony from Tin.^ 

While tin can be quantitatively deposited from solutions con- 
taining excess of ammonium sulphide, it canijot be obtained 
quantitatively from solutions to which has been added sodium 
sulphide; in fact, if sufficient excess of sodium sulphide is pre- 
sent, the precipitation of the tin by the electric current is entirely 
prevented. 

‘ pottrn, Amir. Chtm. Soc,^ 15 , 195, and Anorg. Chem.^ 4 , 274. 

' Ber., XVII. 2245 5 XVIII. 1 1 10 and 2060. 
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The sodium sulphide should be as pure as possible ; for this 
reason it is best to employ the solution prepared as described 
on p. 282. When the article of commerce is employed— which 
always contains free caustic alkali and other impurities — a con- 
centrated solution should be prepared and saturated with sul- 
phuretted hydrogen gas. The solution is then boiled and filtered, 
and finally evaporated until, when cold, it commences to crystallise. 

In order to carry out the separation, 70 to 80 c.c. of the 
concentrated solution of sodium sulphide is added to the sulphides 
of the two metals. The tin, if not already in the stannic con- 
dition, must be converted into the higher state of oxidation by 
the addition of hydrogen peroxide before adding the sodium 
sulphide. If the metals are obtained in acid solution, sufficient 
sodium hydrate is added to make the mixture just alkaline 
— a precipitation of the hydrates of tin or antimony does not 
matter — and the sodium sulphide is added. In any case, after 
the addition of the sodium sulphide i to 2 grm. of sodium 
hydrate is added; this must be of sufficient purity not to give 
a precipitate with sulphuretted hydrogen. 

The solution may either be electrolysed at ordinary tempe- 
ratures or at a temperature of 50° to 60°. 

CONDITIONS. 

C.D O’ 2 to o’9 ampere. 

E.M.y. ... 0*9 to i'2 volts. 

Time. . . 2 to 15 hours, dependiog upon the temperature 
and C.D. At temperatures of 50° to 60^ and 
witho '5 ampere C.D. between 2 and 3 hours 
are required. 

At the commencement of the reaction the solution often 
becomes opaque from the gassing which takes place, but toward 
the end of the process the solution becomes quite clear. When 
the whole of the antimony has been deposited, the electrodes are 
removed, and the cathode is rapidly washed and dried. 

The tin cannot be deposited from solutions containing sodium 
sulphide ; it is therefore necessary to convert the sodium sulphide 
into ammonium sulphide. This can be done by adding about 
2^ grm. of ammonium sulphate and warming until the evolution 
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of hydrogen sulphide ceases, after which boil for ten to fifteen 
minutes. Cool, and, if any sodium sulphate separates out, add 
sufficient water to dissolve this. The tin can now be deposited 
by electrolysing with a C.D. of o‘3 to 0*5 ampere, either at the 
normal temperature or at 30°. 

Another method is to precipitate the sulphide of tin by acidi- 
fying with dilute hydrochloric acid ; this can then be filtered off, 
and, after washing, be dissolved in ammonium sulphide. As, 
however, stannic sulphide is rather difficult to filter, it is better to 
employ the first method, 

Classen prefers to convert the thiostannate into the oxalate, 
and, as tin deposits very well from solutions of the double 
oxalate, the method may be recommended. In order to do this, 
the thiosalts are partly decomposed with sulphuric acid—the solu- 
tion must not be made acid. On warming, the major portion of 
the thiosalts are decomposed, and hydrogen sulphide is driven off. 
Hydrogen peroxide is now added until the raetastannic acid 
precipitated becomes quite white. The mixture is now acidulated 
with sulphuric acid, neutralised with ammonia, a further quantity 
of hydrogen peroxide added, and the mixture boiled until all the 
peroxide is decomposed, as shown by effervescence ceasing. 

The stannic acid is then filtered off and dissolved in oxalic 
acid ; then, after addition of 3 or 4 grms. of ammonium oxalate, 
the solution is electrolysed with a C.D, of 0*2 to o‘3 ampere. 
The time required will be about eight or nine hours. 

Tartaric acid and ammonium tartrate may be substituted for 
the oxalic acid and ammonium oxalate. 

A. Fischer^ and also A. HoUard^find that the separation of 
tin and antimony can be carried out when small quantities of 
potassium cyanide are present. The sulphides of the two metals 
are dissolved as usual in sodium sulpiride, and potassium cyanide 
solution is added drop by drop until the solution is quite colour- 
less; it is then electrolysed with an E.M.F., which must not 
exceed it volt, and at a temperature of 30°. The tin which 
remains in solution is then worked up as usual. 

^ Ber.) 30 , 2348 - * Bull. Soc. Chim.^ 20 , 262 . 
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ARSENIC. 

In separating arsenic from solutions containing other metals, 
it is never attempted to deposit out the arsenic ; but conditions are 
sought which will allow the deposition of the other metal, while 
the arsenic remains in solution and can afterwards be estimated 
by chemical means. Generally speaking, when arsenic is present, 
it is necessary to employ a lower C.D. in depositing the other 
metal than is otherwise the case. 

Copper from Arsenic. 

I. From Solutions containing Potassium Cyanide. 
— To the solution containing arsenic and copper add potassium 
cyanide until the precipitate first formed is just dissolved. Elec- 
trolyse at a temperature of 60° with a C.D. of from 0*20 to 0*25 
ampere; the E.M.F. will be 3*3 to 3*6 volts. The whole of the 
copper can usually be deposited in from 3 to 3*5 hours. 

II. Nitric Acid Solution. — Add about 5 c.c, of concen- 
trated nitric acid to every 100 c.c. of solution, and electrolyse at 
a temperature of 50° to 60°, taking care not to allow the E.M.F. 
to exceed I'g volts. Or the deposition may be carried out in the 
cold overnight. According to Hollard and Bertiaux, the addition 
of small quantities of ferric sulphate prevents the deposition of 
the arsenic, the arsenic thereby being kept in the higher state of 
oxidation.^ 

Antimony from Arsenic. 

Treat the alloy or compound (about i grm.) containing arsenic 
and antimony with aqua regia, and evaporate to dryness. Add a 
few cubic centimeters of water to the residue, and from 2 to 
3 grm. of sodium hydrate ; then add 70 or 80 c.c. of a concen- 
trated solution of sodium hydrate and i grm. of potassium cyanide, 
dilute to the required volume, and electrolyse at a temperature of 
30° or 40°. 

CONDITIONS, 

C.D 1*3 to i‘5 ampere. 

E.M.F. . . . 2'3, reducing towards the end to 1*5 volts. 

‘ Bull. Soc, Chim.i * 904 > [iii*l 31 , 900. 
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111 about 6 or 7 hours the whole of the antimony will have 
been deposited. The arsenic remains in solution, and may be 
estimated by ordinary chemical means. 

If metals of the copper group are present, they must be sepa- 
rated chemically before the antimony is deposited, in which case 
the antimony and arsenic will be obtained in the form of their 
sulphides, and can then be directly dissolved in 70 c.c. of sodium 
sulphide. 


ANALYSIS OF ALLOYS. 

Sterling Silver. . 

Sterling silver is an alloy consisting of silver and copper. 

The British silver coin contains silver 92*5 per cent, 

The United States silver coin contains silver 90 per cent. 

The German ,, ,, ,, 90 ,, 

The French „ „ ,, S3 '5 to 90 per cent. 

The analysis of this alloy is comparatively simple, but it re- 
quires care when conducted upon purely electrolytical lines. The 
simplest method is to dissolve the coin in nitric acid, and pre- 
cipitate the silver as chloride. The silver can then be weighed 
as chloride or dissolved in potassium cyanide and electrolysed. 
The solution containing the copper must then be evaporated 
nearly to dryness, in order to expel the excess of hydrochloric 
acid, then taken up with water and nitric acid, and the electro- 
lysis conducted as usual (see p. 86). If the separation is to be 
carried out entirely with the electric current, then the two metals 
can be separated either from solutions containing free nitric acid 
(see p. 160), or, better, from solutions containing potassium 
cyanide (see p. 159). 

Bronze— Copper Coinage. 

From o' 2 to o'4 grm. of the alloy in the form of turnings or 
filings is dissolved in nitric acid. It is best to first cover the 
alloy with strong nitric acid (sp, gr. 1-5), and then add water drop 
by drop until a vigorous reaction sets in. When the whole of ihe 
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alloy has dissolved, the solution is diluted with water and boiled, 
and the precipitated oxide of tin filtered off and thoroughly washed, 
the washings being returned to the original solution. 

The simplest procedure with reference to the tin is to weigh 
it directly as oxide, or it can be boiled up with ammonium sulphide 
solution, and analysed electrolytically from this solution. (See 

p. II2.) 

The filtrate containing the copper and zinc and excess of free 
nitric acid is electrolysed directly. The copper is deposited on 
the cathode, the zinc remaining in solution. (See p. 86.) 

Before proceeding to estimate the zinc, the nitric acid should 
be removed, after which the zinc may be estimated from an 
oxalate (p, 119) or acetate (p. 120) solution. Bronze coinage in 
Great Britain contains : — 

Copper 95 parts. 


Zinc I part. 

Tin 4 parts. 


Bell metal contains 3 parts copper and i part tin; specu- 
lum metal i part tin and 2 parts copper; but these alloys 
vary to some extent. Gun metal contains about 90 parts 
copper and 10 parts tin. 

Bronzes sometimes contain small quantities of lead, in which 
case the lead is deposited on the anode as peroxide when electro- 
lysing the solution for copper. TJiey also frequently contain 
traces of iron. 


Copper and Gold— Sterling Gold. 

Sterling gold used in making the British coinage contains 
9 1 '66 per cent, gold, the rest being copper. The alloy employed 
for making the German gold coinage contains 90 per cent, of 
gold and 10 per cent, of copper. Pure gold is said to be 24 carats. 
Sterling gold is 22 carats. Gold of 18 carats contains 18 parts of 
gold and 6 parts of copper or some other metal alloyed with it ; 
and 15 carat gold consists of 15 parts of gold and 9 parts of some 
other metal, usually copper or silver. 
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In order to analyse an alloy of gold and silver, the material 
is dissolved in aqua regia, and evaporated to dryness. The 

residue is then taken up with a little dilute hydrochloric acid, 

a slight excess of sodium hydrate is added, and about 4 grm. 
of potassium cyanide. The solution is then electrolysed with a 
C.D. 0-05 to o-o8 ampere; the potential should not be allowed 
to exceed 2 volts. The solution should be electrolysed at a 
temperature of 60° to 65° The whole of the gold can at this 
temperature be deposited in about three hours. 

The copper can be deposited from the cyanide solution by 

decomposing a portion of the cyanide with dilute nitric acid, 

and electrolysing with a current density of o'5 to i ampere. 


Alloys of Copper and Nickel- 
Nickel Coinage. 

The alloy is dissolved in nitric acid, which should be fairly 
dilute. The solution is then made up to the required volume, 
and about 3 or 4 c.c. of concentrated nitric acid added. It is 
now electrolysed for copper as usual. 

After all the copper has been removed, the solution is evapo- 
rated nearly to dryness with a little sulphuric acid, in order to 
drive ofif the excess of nitric acid, diluted with water, and 3 grm. 
of ammonium borate and 30 c.c. of strong ammonia added. The 
solution is electrolysed as usual for nickel. (See p. 95.) 

It generally happens that small quantities of iron are present 
in the alloy ; the iron, if any, is precipitated as hydrate when the 
ammonia is added. It should be filtered off before proceeding 
to determine the nickel. 

The ferric hydrate can be dissolved in oxalic acid or tartaric 
acid, and, after neutralisation with ammonia, estimated electro- 
lytically as usual. (See p. 10 r.) 

The German nickel coin consists of copper 75 per cent., and 
nickel 25 per cent. The nickel coin used in the United States 
contains the same quantities of nickel and copper as the German 
coin. 
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Copper, Zinc, and Nickel— German Silver. 

The metai is dissolved in nitric acid, and the copper deposited 
out as in the separation of copper from nickel. 

The solution, which now contains the zinc and nickel, is 
evaporated to small bulk with sulphuric acid, in order to expel 
the excess of nitric acid. From this solution either the nickel 
can be deposited first — the zinc remaining in solution — or the 
zinc can first be thrown out, leaving behind the nickel. 

Deposition of the Zinc. — Five to six grm. of Rochelle 
salt, sodium potassium tartrate, is added to the solution, and then 
a considerable excess of caustic soda. A current of o‘3 to o’5 
ampere is then passed through the solution, which is kept at 
ordinary temperatures. In from three to four hours, the whole 
of the zinc will have been deposited. If there is a tendency for 
nickel oxide to separate at the anode, about 0*2 to o’5 grm. of 
hydroxylamine hydrochloride may be added; this causes the oxide 
to pass into solution again. 

As soon as the whole of the zinc has been deposited, which 
may be determined by hanging a piece of copper wire over the 
cathode, the solution is, after the removal of the cathode, acidified 
with sulphuric acid, then made strongly alkaline with ammonia, 
and the nickel determined as usual. (See p. 92.) 

Deposition of the Nickel. — Von Foregger finds that it 
is possible to deposit the whole of the nickel first, while the zinc 
remains in solution. To the solution which remains, after the 
copper has been deposited, and from which the excess of nitric 
acid has been driven off, 10 grm. of ammonium carbonate and 10 
c.c. ammonium hydrate (sp. gr. o'88o) are added. The solution 
is then diluted to 150 c.c., and electrolysed with a CD. of o‘3 
to O’ 5 ampere, which toward tlie end is increased to i ampere. 
The temperature of the electrolyte is maintained at 55° to 60° 

When the whole of the nickel has been deposited, which can 
be ascertained by the addition of ammonium sulphide to a small 
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quantity of the solution, the cathode is removed and weighed. 
The zinc which remains in solution can be deposited by making 
the solution slightly acid with oxalic acid, and electrolysing as 
usual when determining zinc in oxalate solutions (p. 119). 


Commercial Lead for Traces of Silver. 

Arth and Nicholas^ have determined the most favourable 
conditions for estimating small quantities of silver in presence 
of large amounts of lead. 

In solutions containing sufficient acid, lead is not deposited 
on tlie cathode in the metallic form, and only at the anode as 
peroxide, when a large amount of free acid is present. In order 
to deposit metallic lead, the KM.F. required is fairly high, and 
the amount of free acid employed must be considerable. 

Silver only requires moderately acid solutions, and a low 
E.M.F. ; but, as already mentioned, silver is very apt to be de- 
posited in a crystalline or spongy non-adherent form from acid 
solutions. Kuster and Steinwehr have shown that this difficulty 
can be surmounted by using an E.M.F. which does not exceed 
1*38 volts. Bearing these facts in mind, the authors found with 
1*2 volts that a spongy deposit of lead began to form along 
with the silver. With i*i volt this was not the case. 

In order not to exceed a pressure of I’l volt, they find it best 
to employ a source of current which on the open circuit does 
not exceed I'l volt. The minimum concentration of acid is r 
per cent, by volume; 6 c.c. of alcohol is also added. With a 
larger quantity of acid, lead may be deposited. At ordinary 
temperatures the deiK)sition of silver is incomplete, and adheres 
badly ; therefore the electrolysis must be carried out at a tempe- 
rature of 60°. 

This method has been employed for the detection and estima- 
tion of silver in ordinary sheet lead. For example, in one case 
in 100 grm. of lead, 0-0042 grm. silver was obtained, or r part 

‘ Bull, Soc. Chim.,, XXIX. 13, 
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in 23,809; in another case, i part in 75,000 parts of lead was 
found and estimated. 

In dealing with such large quantities of lead, the bulk of 
solution will have to be very considerable, and the solution should 
be kept agitated, if not continuously, at any rate, from time to 
time. 


Antimony, Arsenic, and Tin— Britannia 
Metal. 

The metal is brought into solution by treatment with aqua 
regia, and, after evaporating just to dryness on the water bath, 
the residue is treated with a little caustic soda, and then with 
sufficient sodium sulphide to bring it completely into solution — 
generally from 60 to 70 c.c. is sufficient. The antimony is de- 
posited from this solution as described on p. 109, 

The solution now contains arsenic and tin ; it is acidified with 
dilute hydrochloric acid, whereby the arsenic and tin sulphides 
are precipitated. The mixed sulphides are filtered off and washed, 
and then washed through the filter paper, and digested with 
ammonium carbonate. The sulphide of arsenic passes into solu- 
tion, and sulphide of tin is left behind; this is dissolved in 
ammonium sulphide, and the tin determined as described on 
p. 112. 

The arsenic may be determined gravimetrically as sulphide, 
the solution in ammonium carbonate being acidified, a little sul- 
phuretted hydrogen water being added to cause complete precipi- 
tation as sulphide ; or the solution may be made up to a litre 
with distilled water, and from this litre i c.c. taken and diluted 
down again to i litre, and, if necessary, i c,c. again taken and 
diluted to i litre. Finally, i c.c. of this attenuated solution is 
placed in a Thorpe (p. 148) or Sand and Hackford (p, 150) 
arsenic apparatus, and the amount of arsenic determined by 
comparison with a standard arsenic mirror. 

• Small quantities of copper, and occasionally bismuth, may be 
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present in Britannia metal. If a qualitative analysis shows these 
metals to be present, must be separated by the usual chemical 
methods. 


Zinc Residues from Galvanising Bath. 

(Contained Zinc, Iron, Copper and Lead.) 

A very hard alloy is obtained from the zinc residues left in the 
galvanising baths, the hardness and infusibility being due to the 
presence of iron in the zinc. In order to analyse such an alloy, it 
is dissolved in warm moderately dilute nitric acid. The solution 
is made up to the required volume, and about 10 c.c. concentrated 
nitric acid added. It is now electrolysed, using a large anode and 
a small cathode surface at a temperature of 60° or 70° and a C.D. 
of r "5 amperes. In about two hours the whole of the lead will 
have been deposited on the anode as peroxide. Probably a 
portion of the copper — if there is any — will have been deposited 
upon the cathode, but on removing the anode, this immediately 
dissolves in the strong nitric acid. A fresh flag cathode is placed 
in the solution, which is then partially neutralised with ammonia 
and the copper deposited with a current of about o'5 ampere. 
As soon as all the copper has been deposited, the solution is 
neutralised with ammonia; ammonium oxalate, and sufficient 
oxalic acid to make the solution just acid, added, and the zinc 
and iron deposited together. 

The deposit, after weighing, is dissolved in dilute sulphuric acid, 
and the quantity of iron determined by titration with standard 
potassium permanganate. Or the iron and zinc can be determined 
separately by adding excess of ammonia, after the copper has been 
precipitated. The ferric hydrate thus precipitated is dissolved 
in oxalic or tartaric acid, neutralised with ammonia and deter- 
mined as usual (see p. 100). The solution containing the zinc 
is neutralised with oxalic acid and deposited as described on 
P. U9- 

The constitution, as would naturally be expected, of this allay 
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varies considerably. The analysis of a sample was made in the 
above manner and checked by chemical means — 

Zliic 9375 

Iron 3*65 

Copper 0'o9 

Lead 1*53 

The other constituents consisted of carbon and oxygen. Many 
samples examined contained no copper. 



PART III 

PREPARATIONS BY ELECTROLYTIC 
MEANS 




CHAPTER XI. 


PREPARATIONS, 

In carrying out the preparations set out in the following chapters, 
it will often be necessary to separate the anode from the cathode 
by means Of a porous membrane. The most usual form of 
diaphragm, or membrane, for this purpose is a cell of unglazed 
earthenware, such as is used in many forms of primary battery. 

Before using these cells, they should be filled with water in 
order to ascertain whether they have actual holes through defects 
in manufacture. When filled with water, the outside of the cell 
should become moist within fifteen to thirty minutes, but the water 
should not actually trickle out. The porous cells can be obtained 
in a variety of forms \ it is desirable to have them fairly thin in 
order that they may cause as little resistance to the passage of 
the current as possible. After having once been used, the cells 
should be kept in a basin and covered with cold water, otherwise 
they are very apt to disintegrate from the substances of the 
electrolyte crystallising in the pores. 

One of the chief drawbacks to the employment of porous 
pots is, that as a rule they cannot be used for different experiments, 
owing to the difficulty of thoroughly cleaning them. For example, 
if a cell had been used in the preparation of iodoform, it could not 
satisfactorily be used afterwards in preparing — say azobenzene — 
because it would cause this second preparation to have the 
smell of the iodoform. Again, after a short time, especially in 
alkaline solution, the cells begin to disintegrate and break down, 
portions of the walls of the cell often falling off in flakes, or as a 
fine powder. 
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A form of cell illustrated in Fig. 53 gets over this difficulty. 
It is made either of Wedgwood ware or of a glazed material. The 
actual cell consists of two portions, one fitting within the other. 
Thus, in the figure, where two cells are shown, A fits into b, and c 
fits into D. Each complete cell consists of two perforated cells, 
the perforations being large enough for an ordinary pin to pass 

D 



through, the inner or smaller of which fits loosely into the larger 
one. When put together, a liquid can pass readily through the 
complete cell, and of course it does not act as a diaphragm. In 
order to use the cell as a diaphragm, the inner cell is wrapped 
tightly with asbestos paper, until it can just be passed down 
into the outer cell. The asbestos should be wrapped in such a 
mannenThat there is considerable overlapping at the bottom end. 
This is then folded over so as to practically make a hag, and, when 
pushed home, the inner cell rests tightly upon the asbestos. 
Generally, about three folds of thin asbestos paper is sufficient to 
cause the one cell to fit tightly into the other. The cell prepared 
in this mariner is soaked in water gr the electrolyte, such, as 
sulphuric acid or a salt solution, 'and is ready for use. When 
carefully packed, this makes a very efficient membrane, because 
since the two portions of the cell are, owing to the perforations, 
to all intents and purposes open to the- passage of Ihe current, 
the diaphragm employed, so far as resistance is concerned, is 
j)ractically one of asbestos paper. 
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For most purposes, for sulphuric acid, which is not stronger 
than 25 to 30 per cent., or for moderate strengths of caustic 
alkali, and of course for neutral solutions, it is not necessary 
to employ asbestos, ordinary filter paper making an exceedingly 
effective diaphragm. As' is well known, filter paper — blotting- 
paper — can be bought in sheets at a low-cost, and the diaphragm 
is prepared by wrapping it several times round the inner cell in the 
manner described for asbestos. Parchment can also be em- 
ployed, or a pulp of asbestos poured into the annular space 
between the two cells; a pulp of blotting paper has also been 
found to act very well, indeed ordinary brown paper has been 
used, and found quite satisfactory. Finally, coarse sand or 
coarsely powdered glass may be filled in between the pots, and 
makes an exceedingly good diaphragm, and will of course stand 
the action of the strongest acids and alkalis. It is sometimes a 
little difficult to obtain sand or powdered glass of quite the 
requisite degree of coarseness to prevent it passing through the 
holes, ordinary sand requiring first to be sifted through a sieve. 
Asbestos or a pulp of well-washed nitrated cotton wool can be 
very well used, even with strong acids and alkalis. 

After the cells have been used, all that is necessary in order to 
clean them is to remove the inner cell from the outer one, throw 
away the substance which has been used as diaphragm, and the 
cells can then be readily cleaned, after which they are ready for 
further use. 

It is sometimes found necessary in electrolysis to keep a small 
hag, containing the substance which is in solution and is being 
electrolysed, hanging in the solution in order to keep the con- 
centration of the electrolyte constant. Now, a linen or muslin 
bag often gets acted upon, and more or less disiitfegrated by 
the electrolytic. One of the "eell?, above described, without a 
diaphragm will be found extremely useful for this purpose, 
because it allows free ‘ingress and egress of the electrolyte. Of 
course, the substance used must not be so finely powdered that it 
passes through the perforations of the cell. 
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Agitation of Solution. — In the preparations to be described 
it will often be recommended to agitate the electrolyte. This can 
be done by means of paddles or fans, either of metal or of glass, 
wood or ebonite. Generally, it is an advantage to connect the 
stirrer with one of the poles of the 
circuit. Thus, when oxidising an 
organic substance, a stirrer of platinum 
or lead can be satisfactorily employed, 
and is connected with the positive 
pole. Fig. 54 shows such a stirrer 
made of platinum; the method of 
making contact has already been de- 
scribed on p. 81, Fig. 48. 

The lead stirrer may be made as 
follows : — Thin lead pipe, to which 
the vanes for mixing the liquid are 
“ burned ” or soldered, is drawn over 
a steel rod of the same diameter as 
the bore of the pipe. The steel rod 
protrudes about 5 to 10 cm. above 
the top of the pipe, in order that it 
may be fastened in the chuck. The 
pipe> is burned or soldered at the 
bottom and top to prevent the solution 
from running in between it and the 
steel core. If a central core of steel is not used, lead electrodes 
are not sufficiently rigid to he used for rotating purposes. For 
diagram of glass stirrer, see p. 272. 

Electrodes. — The electrodes employed in this section of the 
hook are usually of platinum, lead, nickel or graphite. The 
platinum is used as wire, foil, or gauze; platinum is joined to 
platinum almost invariably by welding, which is an easy process 
to carry out. Suppose, for example, it is desired to weld a piece 
of wire to a sheet of platinum. The sheet platinum is laid upon 
% flat piece of smooth iron or steel, e^. an anvil, the wire is 
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held against the sheet with a pair of pliers, and the flame of 
a blowpipe caused to play upon the sheet and wire. When 
the platinum has reached a bright red heat, the wire is struck 
a sharp blow with a hammer, the flame of the blowpipe is kept 
on the point to be hammered, and the hammering continued 
until a good welded joint has been produced 

Every electro-chemist should be able to make his own 
electrodes, and must therefore be able to use a soldering iron. 
The form or shape of an electrode employed will be modified by 
circumstances and by the ingenuity of the operator. The best 
form of graphite to use for carbon electrodes is the “Acheson 
artificial graphite, made at the Niagara Falls. It is an excellent 
conductor, and has the enormous advantage over other forms of 
carbon electrodes, that it can be easily cut and machined. 



CHAPTER XII. 


PREPARATION OF INORGANIC PRODUCTS, 

Persulphuric Acid. 

H^SA 

One of the first substances to be prepared by electrolytic 
methods, and which had not previously been obtained by purely 
chemical means, was persulphuric acid. Sulphur heptoxide SA. 
the anhydride of persulphuric acid, was discovered in 1878 by 
Berthelot, who obtained it by the action of the silent electric 
discharge on a well-cooled mixture of oxygen and sulphur dioxide. 
He also showed that when a moderately concentrated solution of 
sulphuric add is electrolysed, the acid in the neighbourhood of 
the anode, after the passage of the current, possesses oxidising 
properties. Further, that on addition of barium chloride to 
the sulphuric acid solution, and filtering off the precipitate of 
barium sulphate, and then boiling the filtrate, another quantity 
of barium sulphate was produced, the soluble barium salt of 
persulphuric acid having been decomposed on boiling into barium 
sulphate, sulphuric acid, and oxygen. 

Baa, Os + HaO = BaS 04 + + 0 


1. Preparation of Persulphuric Acid. 

Persulphuric acid can be produced both with and without a 
diaphragm. In the latter case, when the electrolysis is conducted 
iiji such a manner that the anode is placed considerably below 
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the cathode, practically no intermingling of the upper and lower 
layers of sulphuric acid takes place, and persulphuric acid is 
formed round the anode. 

Dilute sulphuric acid is supposed to contain the ions 2H* and 
SO4", and, on electrolysis, hydrogen is yielded up at the cathode, 
and the SO4" has its electrical charge neutralised at the anode ; 
but since SO4 is incapable of existence in the molecular con- 
dition, it reacts with a molecule of water, and oxygen gas is given 
up at the anode. 

2 SO 4 + 2 H ,0 = 2 H,S 04 + 0 a 

But when a fairly concentrated solution of sulphuric acid (50 
to 60 per cent.) is electrolysed and the solution kept cool, it is 
noticed that, although hydrogen is given off as vigorously as 
usual at the cathode, very little oxygen is evolved at the anode. 
In strong sulphuric acid we assume that the ions, instead of being 
2H: and SO4", are mainly H* and HSO/. Now, on electrolysing 
such a solution, hydrogen is yielded up at the cathode; but at 
the anode the ions HSO/, at the moment of having their electrical 
charge neutralised, unite together to produce a molecule of per- 
sulphuric acid thus ; — 

/OH HO. /OH HO. 

so/ ----- )so, = so/ )so,+ H2 

\o?H ^0 0^ 

Similarly, a strong solution of an acid sulphate, eg. potassium 
hydrogen sulphate, is ionised into the ions H’ and KSO/, and on 
electrolysis a persulphate is produced. 

.OK KO. OKKO, 

so/ . ... )so., = so/ :S0a + H, 

^0;H Bp' 0 0 

The conditions necessary are a high anode current density 
and a cold solution ; the temperature of the solution should not 
be allowed to rise above 4*5'^- 

A very convenient apparatus for demonstrating the formation 
of persulphuric acid and persulphates is shown in Fig. 55, 

A is a large boiling tube which is nearly filled with a solution 



202 Practical Electro-Chemistry. 

of 50 to 60 per cent, sulphuric acid, or a saturated solution of 
acid potassium sulphate. The tube B, which is open at both ends, 
is supported in a by means of a piece of copper wire or by a 
perforated cork, notched at the 
edges to allow the escape of 
gases, c is a narrow glass tube, 
^ at the lower end of which a 
small spiral of platinum wire is 
fused. It is filled with mercury, 
and connected with the + pole 
of the current supply, d is the 
cathode of stout platinum wire. 
The whole apparatus is placed 
in a beaker filled with cold water. 
On passing the current, about 
I ampere, hydrogen is evolved 
at the cathode, and, as this is 
close to the surface of the solution, the hydrogen passes into the 
air without mixing with the solution round the anode. Any 
oxygen which is given off at the anode passes up the tube d. 
After the current has been passing for a short time, a small portion 
of the solution may be withdrawn from the neighbourhood of the 
anode by means of a pipette. On adding a solution of potassium 
iodide to it, iodine is liberated, thus showing the presence of 
persulphuric acid. The conditions necessary are a high current 
density at the anode, and a cold solution. Although the actual 
current registered on the ammeter is only about i ampere, yet, 
owing to the very small surface of the anode, the current density 
will be from 60 to 80 or more amperes per square decimeter. 

For studying the course of the reaction, by titration with 
fenous ammonium sulphate (see p. 205), it is better to employ 
the apparatus depicted in Fig. 56. The solution should be 
well mixed, and then 10 c.c. withdrawn by means of a pipette, 
and the solution titrated, the operation being repeated every 45 
minutes, and contmued until the maximum amount of persulphuric 
add is obtained current efficiency may then be calculated. 
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When potassium hydrogen sulphate is electrolysed under the 
same conditions, after the current has been passing for some ten 
or twenty minutes, a cloud of potassium persulphate begins to 
separate round the anode. In making the solution of acid 
potassium sulphate, a saturated solution should be made at normal 
temperature, and then cooled down before being placed in the 
apparatus, otherwise crystals of acid potassium sulphate may 
separate out during the electrolysis, and will interfere with the 
reaction. 
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the negative pole of the current supply. The cathode solution 
consists of so-per-cent, sulphuric acid. 

The anode is a coil of thin platinum wire, d, wound about 
three times round the outside of the cathode compartment; it 
should be of such a surface that, with a registered current of 5 
or 6 amperes, a current density of 50 or 60 amperes is obtained. 
The porous pot and the anode are then placed into a beaker, c, of 
about 600 to 700 c.c. capacity, the whole apparatus being placed 
in a glass basin, and surrounded witli ice or a mixture of ice and 
salt. The anode solution is a saturated solution of acid potassium 
sulphate, containing a few cubic centimeters of dilute sulphuric 
acid, ,For most experiments, when only small quantities of the 
persulphate are required, a porous cell with a capacity of 100 to 
120 c.c. may be used. This is placed in a beaker or glass jar 
of such capacity that only about 200 to 250 c.c. of the saturated 
solution of potassium bisulphate is required to practically fill it. 

As the electrolysis proceeds, and the potassium persulphate 
separates out, the concentration of the acid potassium sulphate 
decreases. In order to keep the solution constantly saturated, 
a small perforated cylinder, such as is described on p. 196, Fig. 53, 
filled wth crystals of potassium hydrogen sulphate, is supported 
in the upper portion of the anode compartment, where it is held 
in position by means of a clamp. 

Muller finds that the yield of persulphates is increased by the 
addition of small quantities of hydrofluoric acid* When this acid 
is added, the electrolysis must be conducted without a diaphragm, 
and the glass vessel must be coated with paraffin to prevent the 
HF acting upon the glass ; probably a celluloid vessel could be 
satisfactorily employed. 

IIL Ammonium Persulphate. 

The same apparatus and conditions as are employed for the 
preparation of potassium persulphate are used for preparing the 
ammonium salt. The anode solution consists of a concentrated 
solution of ammonium sulphate in a solution of 5 -per-cent, sulphuric 
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acid. The preparation of ammonium persulphate is more satis^ 
factory than that of the potassium salt, because the acid ammonium 
sulphate is more soluble in water. The perforated cylinder for 
keeping the concentration constant is in this case filled with 
crystals of ammonium sulphate. Per sulphuric acid and the per- 
sulphates are derivatives of hydrogen peroxide, as is shown by 
the structural formula. When a solution of persulphuric acid or 
a persulphate is heated, oxygen gas is evolved. 

,OK KOx 

OS( /SO2 + H^O = 2KHSO4 + 0 

^0 0 ^ 

The persulphates are therefore very powerful oxidising agents ; 
the action is not very rapid, but it is very thorough; this is 
probably due to the fact that they are fairly stable, and are not 
rapidly decomposed. A mixture of a persulphate and sulphuric 
acid is known as Caros acid, and is often employed in organic 
chemistry, owing to its extremely powerful oxidising action. 

The barium salt of persulphuric acid is soluble in water ; we 
have therefore here a means of separating tins acid from sulphuric 
acid. In order to do this, excess of barium hydrate is added to 
the mixed solution, when barium sulphate is precipitated, and may 
be filtered off. The solution now contains a mixture of barium 
hydrate ajnd barium persulphate ; by careful addition of sulphuric 
acid, until no further precipitate is produced, a solution con- 
taining persulphuric acid is obtained. 

BaS^Os + H2SO4 = BaSO^ + 

Estimation of Persulphuric Acid.—The quantity of 
persulphuric acid in a solution can be estimated by means of 
ferrous ammonium sulphate, which is oxidised to the ferric con- 
dition. The operation may be carried out by adding an excess 
of a solution of ferrous ammonium sulphate of known strength 
and titrating back with potassium permanganate. 

H^SA + 2FeS04 = Fee(S 04)3 + H2SO4 

In carrying out the operation, a known volume of the acid 
solution, or a weighed quantity of a persulphate (dissolved in 
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water) is taken, and a considerable excess of a solution of ferrous 
ammonium sulphate, of known strength, added, and also dilute 
sulphuric, about 5 c.c. to every 10 c.c. of solution; then about 
roo c.c. of boiling water is poured into the mixture, which is 
immediately titrated back with potassium permanganate.* If the hot 
water is not added, the reaction between the ferrous salt and the 
persulphate is slow, only being completed after some considerable 
time. It is not necessary to add sulphuric acid when a solution 
containing persulphuric acid and sulphuric acid is to be titrated. 
Potassium or sodium persulplrate can be determined by simply 
heating a weighed portion of the salt. 

K3S2O8 = K2SO4 + SO3 + 0 

The loss in weight shows the amount of persulphate which was 
present in the sample taken. 
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IV. Sodium Hypochlorite. 

When a strong solution of sodium chloride is electrolysed in 
the cold, without a diaphragm, the main product produced is 
sodium hypochlorite. The reaction in its simplest form may 
be represented by the following equations : — 

I. NaCl = Na* + Cl' 

II. Na + HgO = NaOH -f H 

III, 2NaaH + 2 CI = NaCl + NaOCl + H,0 

It would therefore appear that, if the electrolysis is continued 
for a sufficiently long time, a large proportion of the chloride will 

* Le Bknc and Eckardt, Zeit.f. EUkirochm,^ V. 355. 
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become converted to hypochlorite. This, however, for several 
reasons, is not the case. In the first place the hydrogen, at the 
moment of its liberation at the cathode, exerts a reducmg action 
upon the hypochlorite, regenerating sodium chloride. 

NaOCl + 2H = NaCl + H2O 

In order to obtain the minimum of reduction, the cathode 
should be smaller than the anode ; that is to say, a high current 
density at the cathode should be employed. Under these con- 
ditions the reducing action of the hydrogen is localised, and there 
is more chance for the hydrogen atoms to unite to form molecules 
without first acting upon the hypochlorite. On the other hand, 
the C.D. at the anode need not be quite so high as that at the 
cathode, but neither must it be very low. When the current 
density is low, very little oxygen is given off at the anode \ this, 
of course, prevents oxidation of the hypochlorite to chlorate, but 
the amount of hypochlorite produced is not so great, because, 
after a certain quantity of hypochlorite has been produced there 
are present Na* and OCV ions. The OCV ions help to carry the 
current, and, being discharged at the anode, cause oxygen to be 
liberated and hypochlorous and chloric acids to be formed. 

I. 20CI' + H20 = 2H0CI+0 

II. 60Cr + 3H2O = 2CIO,' +4Cr -f 6H* + 3O' 

Now, since the OCl' anions are relatively more readily dis- 
charged at the anode than the Cl' ions, uc, less energy is re- 
quired for their discharge, the tendency is for a considerable amount 
of the electrical energy to be wasted in these secondary changes. 
To prevent this as far as possible, a high anode C.D. and good 
circulation of the electrolyte are desirable, but in order to prevent 
cathodic reduction, the cathode is kept smaller than the anode. 
For example, with an anode of one square decimeter the cathode 
might have an area of 0*75 sq. dcm. 

But there are also other methods for preventmg cathodic 
reduction. It is found that if the sodium chloride used contains 
a small quantity of a calcium salt, that a thin pellicle of calcium 



2o8 Practical Electro-Ckmisiry. 

hydrate is produced bn the cathode. This pellicle scales off, but 
is immediately reformed. Now, since there is a high current 
density at the anode, anything which will moirientarily hinder the 
gas on its liberation from coining in contact with the electrolyte 
will tend to cause union of the atoms to molecular hydrogen. 
When the hydrogen has once assumed the form of molecules, 
then its reducing power is at an end. This very unstable 
membrane or diaphragm of calcium hydroxide is able to cause 
the union of the atoms to a very large extent. Foerster ^s found 
that a small quantity of an alkali chromate gives even better 
results than a calcium salt. The quantity of chromate required 
is extremely small (o’ 5 to i per cent.), and yet it is remarkably 
effective. The temperature should not be allowed to rise above 
20'’, because the higher the temperature the greater the inclination 
to form chlorates. 

Process. — A glass battery-jar of about 500 to 700 c.c. 
capacity is nearly filled with a saturated solution of common salt. 
If the solution is not clear, it should first of all be filtered. It is 
best to use both anode and cathode of platinum, but the cathode 
may be of nickel or graphite, and graphite can also be substituted 
for the platinum anode, The cathode should he in the form of a 
spiral of stout wire, in order that as high a C.D, as possible may be 
employed. The anode may either be of sheet platinum or of 
platinum wire, but the most satisfactory results, on a small scale, 
are obtained when a rotating anode is used, such, jis that 
described on p. 198. 

CONDITIONS. ■ 

Anode C.D 12 to 16 amperes. 

Cathode C.D 20 to 30 amperes. 

E.M.F 3'5 to 4'5 volts. 

Temp. 18° to 20® 

If the anode is not rotated, it should be fixed at the opposite side 
of the electrolysing vessel to the cathode, and should bd kept 
near the upper portion of the solution. Agitation of some form 
or other is to be recommended. As the C.D. employed is very 
high, the platinum wire carrying the current should be stout in ' 
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order to prevent heating. To carry this current without undue 
heating, the wire should be from 1*5 to 2 mra^ in diameter. 

In order to study the course of the electrolysis, 10 c.c. 
of the solution is withdrawn every half-hour, and titrated. To 
this quantity of solution is added excess of a solution of potassium 
iodide, and the mixture is then acidified with dilute hydrochloric 
acid. 

(a) HCIO HCl = C 4 -h H2O 
{b) Cl, + 2HI = 2HCI + I, 

The amount of the liberated iodine is then determined by 
N . 

means of — thiosulphate, in the usual way. 

2Na,S203 + I, = Na,SA + zNal 

It is very instructive to follow the course of the electrolysis by 
analysing the gases evolved at stated intervals. To do this, a gas 
coulommeter should be placed in series with the hypochlorite cell. 
The electrolysing cell must be closed with a rubber stopper through 
which a delivery, tube passes. The amount of current which is 
being passed in during, say, ten minutes is easily measured by the 
coulommeter, and this can be compared with the quantity of gas 
which escapes from the electrolysing cell. The gases will con- 
sist of oxygen and hydrogen, with a trace of chlorine ; this latter 
can, however, be neglected. The gases are collected in a 
Hempers burette, and the quantity of oxygen estimated by 
absorption with alkaline pyrogallol. The loss of hydrogen shows 
the quantity of the gas which is being used up in reducing the 
hypochlorite. 

Titration and gas analytical experiments should be tried with 
plain sodium xhlbride solutions, and with solutions containing a 
small quantity of potassium chromate. Curves showing the 
current efficiency and yield of hypochlorite in a given time should 
then be plotted, 
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CHLORATES. 

In the second equation, on p. 207, it has already been shown 
that when hypochlorite anions take part in the electrolysis, 
they are on discharge converted into chloric ions. 

60 CI' + = 2CIO/ + 4CI' + 6H* + 3O" 

Now, the conditions of electrolysis of chlorides can be so 
altered that the final product will be a chlorate. But the reaction 
just referred to is not the only one which occurs when chlorates 
are produced. 

In all probability the production of hypochlorites is always the 
first stage in the reaction, and that then, partially through the 
hypochlorite taking part in the electrolytic process and being 
oxidised at the anode, we may get : 

2CIO' + = HCIO3 + Cl' 

This primary oxidation probably takes place in a slighjly alkaline 
solution in which there are free OH ions. But in an acid solution 
(solution containing a bicarbonate) we probably get — 

(a) 3HCIO + Cl' = go; + 3H‘ -f 3CI' 

{b) CIO' + 2HCIO = CIOs' + 2H' + 2CI' 

In an alkaline solution direct oxidation of the chlorine ions may 
also take place. 

Cl + 30 = go; 

The equations just given may all take place in the cold, but in 
order to obtain the best results in the preparation of chlorates, a 
hot solution is always employed, and therefore the following 
equation also takes place, and is probably the main reaction 
3KGO = KCIO3 + zKCl 

When the electrolysis is conducted at high temperatures, per- 
chlorate is not produced, but it is formed in cold solutions, In the 



Preparation of Inorganic Products, 2 1 1 

electrolytic preparation of chlorates, a certain quantity of oxygen 
is invariably given off, which is probably due to the hypochlorite 
ions taking part in conveying the current. 

2CIO' + H ,0 = 2HOCI + 0 

In preparing hypochlorites it has already been found that the 
reducing action of the hydrogen can, to a very large extent, be 
prevented by the addition of small quantities of calcium salts or 
of chromates. In preparing chlorates, the addition of a small 
quantity of potassium chromate is even more advantageous. 

In the preparation of chlorates the following points are of 
importance : ^ — 

I. Prevention of cathodic reduction, e.g, by addition of calcium 
salts or potassium chromate, 

II. Slight acidity of the solution in order to aid the formation 
of free hypochlorous acid. This can be brought about by passing 
a stream of carbonic acid gas through the solution. 

III. The employment of sufficient volume of solution in pro- 
portion to the C.D., and good agitation of the electrolyte, to allow 
the secondary reactions to take place as completely as possible. 

IV. The temperature to be at least 40° in order to prevent the 
formation of perchlorates, and also to lower the resistance and 
therefore the E.M.F. 


V. Preparation of Potassium Chlorate. 

Make a saturated solution of potassium chloride at 40*^ or 50®, 
and to every 100 grm. of potassium chloride add i grm. of 
potassium carbonate and i grm. of potassium dichromate. The 
solution is then poured into a beaker of about 400 c.c, capacity, 
which is placed on a sand bath, so that the temperature can readily 
be maintained at from 45° to 60°. The anode must be platinum ; 
the rotating anode is tha most satisfactory to employ, but a piece 
of sheet platinum, or, better, platinum gauze, may be used. 1 he 


Jahrhuch, 1899, VI. 207. 
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cathode should also be of platinum — ^preferably stout wire — but 
a graphite rod or a spiral of thick nickel wire may be employed. 

CONDITIONS. 

C.D iS to 20 amperes at anode. 

E.M.F 47 to 57 volts. 

Temp 45° to 6 o® 

A slow stream of carbonic acid gas is also conducted through 
the electrolyte; this is in order to convert the potassium carbonate 
into potassium bicarbonate. If a platinum stirrer is not at hand 
to use as anode, it is advisable to agitate the solution with a stirrer 
of glass. When preparing sodium hypochlorite, it will be remem- 
bered that the electrodes were placed a considerable distance from 
each other. In the preparation of chlorates, however, they should 
not be more than i cm. apart. 

After the current has passed for some time, crystals of potassium 
chlorate sometimes commence to fall out, and, on cooling, after 
allowing the current to pass for some three hours, large quantities 
of the salt crystallise out. These crystals, after filtering and wash- 
ing with cold water, will be found to be almost free from chloride, 
and after one crystallisation they are obtained quite pure. By 
evaporating down the mother liquor, a further quantity of crystals 
is obtained, but they are not quite so pure as the first crop. 

If it is desired to obtain a large quantity of potassium chlorate, 
a perforated cell (Fig. 53, p. 196) filled with potassium chloride 
may ,be suspended in the electrolyte ; by this means the solution 
mil be always saturated with potassium chloride, and the process 
made continuous. The current yield is fairly good, generally 
being between 65 and 70 per cent. 

Sodium Chlorate can be prepared in the same manner; 
but, owing to the relative solubility of sodium chlorate to sodium 
chloride, it is not so easy to obtain a complete separation of the 
two substances. 

VI. Potassium Bromate. 

Dissolve 70 grm. of potassium bromide in 200 c.c. of water, 
^and add o’ 5 grm. potassium dichromate. The electrodes used 
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for potassium chlorate can be employed for the electrolysis of 
bromide solutions, 'rhe temperature of the bath should be kept 
at about 40°, otherwise the conditions are practically the same as 
those employed in the preparation of chlorates. 

CONDITIONS. 


C.D II to 12 amperes at anoLle. 

E.M.F 4’3 to 5*0 volts. 

Temp 38® to 40° 


As a rule, the potassium bromate does not commence to 
crystallise out until the solution is cooled. The quantities given 
above require the passage of about 75 ampere hours of current. 

Sodium Bromate can be prepared in a similar manner; 
but it is even more difficult to separate from sodium bromide, than 
sodium chlorate from sodium chloride. 

The theoretical considerations given for the electrolytic pro- 
duction of chlorates apply also to the preparation of bromatcs. 
But it is found that bromates are much more readily reduced in 
an alkaline solution than are chlorates. 

VII. Potassium lodate. 

Dissolve 50 grm. potassium iodide in 200 c.c. water, add 
I grm. potassium carbonate and 0*5 grm. potassium di chromate. 

CONDITIONS. 


C.D ii to 12 amperes at anode. 

E.M.F 4'3 to 5-2 volts. 

Temp 40® 


After passing about fifty ampere hours of current, the elec- 
trolysis is stopped, the solution evaporated to about half its bulk, 
and allowed to stand overnight in a cool place to crystallise. 
The current efficiency is very good. 

LITERATURE, 

There is a great deal of literature upon the electrolysis of chlorides, 
and the preparation of chlorates, etc. The easiest way to study the 
subject is to read the rlsumi in the Jahrbuck for 1898 , p. 186 ; and 
1899 , p. 198 ; also 1902 , p. 357. 
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VIII. Potassium Perchlorate. 

Chlorates can be further oxidised by the electric current to 
perchlorates. In fact, both chlorates and perchlorates, especially 
the former, are manufactured on a large scale by the electrolysis 
of chlorides. Indeed, nearly all the chlorates at present manu- 
factured are made by the electrolytic process. 

Method. — Prepare a cold saturated solution of potassium 
chlorate, and, in order that the solution may remain saturated, 
a perforated cell filled with potassium chlorate is suspended in 
the solution. 

Electrodes of sheet platinum or platinum gauze should be 
used, and the electrolyte must not be agitated— at any rate, not 
continuously agitated— although an occasional stir is an advantage. 
The electrolyte must not be allowed to become alkaline j in order 
to prevent this, it isT better to add a few drops of dilute sulphuric 
acid to make the solution just acid— the acidity may, however, 
only be very slight. 

CONDITIONS. 

C.D 9 lo 12 amperes at the anode, 

E.M.F 8 ‘5 to i6 volts. 

Temp Not above 20® or 24° 

As the current density employed is fairly high, there is a 
tendency for the electrolyte to become heated. It is therefore 
best to stand the electrolytic cell in a basin of cold water, which 
is continually filled by water running in, and at the same time 
siphoning out. 

When the current has passed for from thirty to forty minutes, 
the potassium perchlorate begins to rain down from the neigh- 
bourhood of the anode in the form of brilliant crystal plates. If 
the C.D. rises too high, it is rather difficult to keep the solution 
sufficiently cool. 

When the solution is kept cold, and is not alkaline, the re- 
action which takes place may be represented by the followmg 
equation 


H2O + 2CIO; = HCIO4 + HClOa 
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The appearance of any quantity of oxygen gas at the anode 
points to the reaction going mostly in the following manner : — 

2C1o/ + h,o =2Hao3 + o 

There is always a small quantity of oxygen given off at the 
anode; but it will be noticed that this increases very rapidly if 
the temperature is allowed to rise much over 20°. 

Potassium perbromate is readily prepared in the same 
manner as the perchlorate, but the preparation of the periodate is 
attended with considerable difficulties, and it is necessary to keep 
the solution alkaline. Muller and Friedberger have succeeded in 
obtaining the free periodic acid by electrolysing iodic acid in the 
anode compartment. 

LITERA TURK. 

Foerster, Zeit.f, Elektrochem,^ 4 , 386 ; Winteler, ZeU. f. Elektro- 
chem.y 5 , 49, and 217 ; Muller, Zeit.f Elekirockem.^ 7 , 509 ; Muller and 
Friedberger, Ber.^ 35 (3), 2652. 

IX. Lead Peroxide. 

Litharge (lead monoxide) can be elect roly tically oxidised to 
its higher oxide lead peroxide. The operation is carried out by 
electrolysing a solution of sodium or other alkali chloride in which 
litharge is suspended. 

Process.— Twenty grm. of litharge is suspended in a 20-per- 
cent. solution of sodium chloride, contained in a battery jar of 
about 500 to 700 c.c. capacity. The cathode is hung at one side 
of the jar, the anode at the other ; the cathode may be of lead or 
graphite, but it should be wrapped in a piece of parchment, or 
surrounded with a piece of asbestos paper, and placed in one of 
the smaller perforated cells described on p. 196, Fig. 53. The 
anode can be either of platinum or graphite. The mixture must 
be very vigorously agitated, either by rotating the anode, or by 
having a separate arrangement for agitating the mixture. 

CONDITIONS. 


C.D. 

E.M.F. 

Temp. 


I to I’S ampere. 
3'5 to 4 volts. 
Normal. 
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As the electrolysis proceeds, the oxide gradually becomes light 
brown, and, finally, dark brown, showing that all the PbO has 
been changed to PbOa. At the end of the reaction, the lead per- 
oxide is filtered off, washed with water to free it from adhering 
chloride, and warmed with moderately dilute nitric acid, in order 
to dissolve out any unchanged lead monoxide. During the 
electrolysis no chlorine will be liberated, because sodium hypo- 
chlorite is produced. The formation of the lead peroxide is, 
indeed, due to the actioh of the hypochlorite upon the lead 
monoxide, a small portion of which becomes dissolved as sodium 
plumbite. 

' ONa /O 

Pb( + NaOCl + HaO = Pb( + 2NaOH + NaCl 
^ONa ^0 

And also to a certain extent to the direct action of chlorine ions 
on the sodium plumbite. 

. ONa Cl' .0 

Pb( + = Pb( -f 2NaCl 

\ONa Cl' ^0 

It is important that the litharge should be well ground, other- 
wise it is inclined to be only superficially oxidised. This process 
is of commercial importance, lead peroxide among other uses 
being largely employed in the match industry. 

LITERATURE, 

Elbs and Forssell, Zeii. /. Elekirochem.^ 8, 760, D.R.P.^ 1900, 
124512. 


X. White Lead. 

There are several electrolytic methods for preparing white 
lead; most of them, however, ar& indirect. The method of 
Luckow is direct, the lead necessary for the production of the 
white lead being obtained from a lead anode, which goes into 
solution as the current is passed. The chief drawback is the 
extremely dilute solutions which are employed,. The manufacture 
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of white lead by this process was carried on for some time at 
Cologne. 

Process.— 12 grm. of sodium or potassium chlorate and 3 
grm. of sodium carbonate are dissolved in i litre of ^Yater. Both 
the anode and cathode consist of sheet lead, which is hung about 
2 cm. from the bottom of the electrolysing cell. 

CONDITIONS. 


C.D 0'4 to 0*6 ampere. 

E.M.F 1*8 to 2 volts, electrodes i cm. apart. 

Temp Normal. 


During the electrolysis a slow stream of carbonic acid gas is 
passed into the solution, behind the cathode \ it should be passed 
in such a manner that the fluid is as little disturbed as possible, 
so that the white lead produced may sink to the bottom of the 
cell. 

Almost as soon as the electrolysis commences, a thin white 
pellicle forms on the anode, which continually peels off during the 
time the current is passing. The electrode at the end of the 
reaction has a bright metallic appearance, as if it had been freshly 
cleaned. 

The sodium chlorate causes the lead anode to go into solu- 
tion as lead chlorate; this is then acted upon by the sodium 
carbonate, which with the water forms hydrated lead carbonate. 
The carbonic acid is passed into the solution to prevent formation 
of sodium hydrate ; at the same time, it should not be passed in 
sufficiently rapidly to produce sodium bicarbonate. 

An extremely interesting indirect process is that patented by 
Browne and Chaplin. In this process a solution of sodium nitrate 
is electrolysed in a divided cell, with a lead anode and a copper 
cathode. In the cathode compartment sodium hydrate is pro- 
duced, in the anode cell nitric acid ; this causes the lead anode 
to dissolve with formation of lead nitrate. After the electrolysis 
is finished, the solutions are mixed, when lead hydrate and sodium 
nitrate are produced. 

Pb(N 03 )a 4- 2NaOH = Pb(OH), + aNaNO^ 

The lead hydrate is then converted into white lead by addition 
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of sodium carbonate, and the regenerated sodium nitrate can then 
be again employed for production of a further quantity of lead 
nitrate and caustic soda. 

XL Chrome Yellow. 

Luckow’s method for preparing white lead can also be 
employed for producing other mineral colouring matters, such, e.g.y 
as chrome yellow* in this case, sodium or potassium chromate is 
employed instead of sodium carbonate. The current conditions 
are the same as in the preparations of white lead. At the com- 
mencement of the electrolysis the chrome yellow which falls off 
from the anode has a fine fiery appearance. But after a short time ' 
it becomes reddish and smeary looking, consequently it is not 
possible to obtain good quality chrome yellow in quantity by this 
method. 

LITERATURE, 

Borschers, Zdt /. Elektrochem., 3 , 482 ; Luckow, D,R,P,y 91707 
and 105 143; Browne and Chaplin, 6 ^. 5 ./*., 1885 , 551361, and 1886 , 
555,232 ; Le Blanc and Bindschedler, Zeit, f. Elektrochem., 8, 255 ; 
A. Isenburg, 9 , 275. 

Xll. Potassium Permanganate. 

Prepare a strong solution of potassium carbonate, about 40 
per cent, such a solution has a sp. gr, of about 1*42. The object 
of employing a solution as strong as this is that the permanganate 
is much less soluble in a concentrated solution of potassium 
carbonate than in weaker solutions. This solution of potassium 
carbonate can be used both for anode and cathode. 

The anode consists of a piece of ' ferromanganese or of 
metallic manganese. Ferro-manganese can be obtained with a 
very high percentage of manganese, but pure manganese, 
absolutely free from iron, is not so readily obtained. The 
presence of iron in the ferro-manganese does not, however, exert 
any harmful effect, the iron being simply precipitated as hydrated 
carbonate. 
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The ferro-manganese is, when not obtainable in rods, wound 
round with platinum or iron wire, which is connected with the 
positive pole of the current supply. The cathode of iron or other 
metal is placed in a porous cell, which stands in a beaker con- 
taining the potassium carbonate. The best form of porous cell to 
use, when the solution is so strongly alkaline, is the perforated cell 
described on p. 196, with a diaphragm of asbestos, or better sand. 

As soon as the current— the strength of which may vary within 
wide limits — is passed, permanganate begins to form, and flows 
off the anode in purple streams ; in a short time the whole anode 
solution becomes deep purple. 

The course of the electrolysis, and the current efficiency, can 
be followed by titrating with oxalic acid. 

2KMn04 + 5C2H,04 + 3H,S04 

= loCO., 4 - K,S04 + 2MnS04 + SH^O 
It is possible to prepare potassium permanganate without sepa- 
rating the anode from the cathode. In this case the cathode 
is made of the positive plate of an accumulator or of the copper 
oxide plate of a cuproii cell. 

Any ferric hydrate wliich is produced during the reaction is 
precipitated to the bottom of the anode cell. When the current 
is passed for a sufficient length of time, crystals of potassium 
permanganate separate out. 

XIII. Potassium Chromate. 

If instead of using an anode of ferro-manganese, one of ferro- 
chrorae is employed in a solution of potassium hydrate, then a 
solution of potassium chromate is produced. As is the case in 
the preparation of potassium permanganate, ferric hydrate is pro- 
duced from the iron in the ferro-chrome ; this is, of course, pre- 
cipitated, arid can be filtered off. The course of the electrolysis 
should be followed by titration from time to time with ferrous 
ammonium sulphate. 

2 K,Cr 04 + 6 FeS 04 + 

= + C^SO,), -h 2 K,S 04 + 8H^O 
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XIV. Metallic Hydroxides/ 

Whep a metal is made the anode in a solution of an alkali 
chloride, nitrate or sulphate with an insoluble cathode such as 
graphite or platinum or a strip of the same metal employed as 
anode, the metal at the anode is dissolved, and a metallic 
hydroxide produced. The formation of the hydroxide is due to 
the metallic salt produced at the anode coming into contact with 
the alkali hydroxide liberated at the cathode. 

{a) NaCl=Na-+a 

Na-f-H20=Na0H+H 
{h) 2Cl+M = MCl2 

Ma-f- 2 NaOH = M(OH),-|-3NaCI 

(M is a divalent metal.) 

Since, when a metal is made the anode and goes into solution, 
partial disintegration invariably takes place, and particles of the 
metal fall to the bottom of the electrolysing cell, thus contaminating 
the electrolyte, the anode should be wrapped in a piece of cloth 
or, better, parchment, to prevent this happening. 

In the preparation of these hydroxides, it is advantageous to 
keep the solution well agitated. One of the easiest ways of doing 
this is to cause the anode or the cathode to rotate. This is 
readily done by soldering a piece of stout wire to the electrode, 
and fixing it in the chuck of the rotating arrangement described 
on p. 8o. 

One great advantage in this method-of preparing hydroxides 
is, that the solution always remains neutral. For this reason there 
is no possibility of dissolving hydroxides 'which have an acidic 
character; further, the amount of alkali salt in the solution never 
increases beyond the quantity which was ofiginally Jiresent, and 
thus washing of the precipitate is easy. 

The material of the electrolyte exerts considerable influence 
upon the nature of the hydroxide produced; thus^in lo-per-cent. 

* Lorenz, ZHt.f. Anorg, Chm.y}%^ 396 and 436. 
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solutions of sodium chloride, potassium nitrate and sodium 
sulphate, the following compounds are formed, with various 
anodes. 



Sodium chloride. 

Potassiom niirate. 

Sodium sulphate. 

Cadmium .... 

Cd(OH )2 

Cd(C)II), 

cd(onk 

Copper .... 

Cu.OH 

Cu(OH )2 

Cu( 0 H )2 

,, .... 

CujO at 100° 

CuO at 100° 

CuO at 100° 

Lead 

— 

PbOj 


Iron 

FeO 

FeA ' 

FeO 

Mercury .... 

— ! 

Hg ,0 


Tin 

Sn{OH)j 

Sn{OH)j 

Sn(OH), 


Except in the case of copper, where the anhydride of the oxide is 
produced at high temperatures, it is better to work at a temperature 
of from 70° to 80'^ or higher, because, when the hydroxide is formed 
at high temperatures, it is more readily filtered and washed. 


XV. Metallic Sulphides. 

Cadmium Sulphide (Cadmium Yellow). 

Metallic sulphides can be obtained in an analogous manner to 
that in which metallic hydroxides are prepared. Copper sulphide 
is made the cathode in a solution of an alkali chloride, nitrate, or 
sulphate, and the metal the sulphfde of which it is desired to 
prepare the anode. Copper sulphide is practically the only 
sulphide which can be employed as cathode because it conducts 
the current readily, whereas most sulphides do not conduct the 
current at all, or conduct it very poorly. When the copper 
sulphide can be obtained in the form of a rod, there is no 
difficulty in forming the cathode ; it mu^, however, be wrapped 
in cloth or parchment to prevent particles falling to the bottom 
and contaminathig the product. Generally copper sulphide is 
obtained in the form of a coarse powder ; when in this form, the 
only way to make the cathode is to pack the sulphide closely 
round a piece oS. copper wire in a porous pot or in a stout linen 
bag. It should then fe, electrolysed for a short time with an 
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insoluble anode, that the outer portions of the cell may become 
saturated with the alkali sulphide. 

In order now to prepare cadmium sulphide, an anode made 
from a rod of cadmium is placed in the bath, containing a lo-per- 
cent, solution of sodium chloride, nitratPi or sulphate. The anode 
should be wrapped round with a piece of calico to prevent dis- 
integrated portions falling into the electrolyte. The solution must 
also be agitated, and the simplest method is to cause the anode to 
rotate (see p. 220). 

CONDITIONS. 

C.D I to 2 amperes. 

E.M.F 3 to 4 volts. 

Temp 60° to 70® 

Almost as soon as the circuit is closed, a yellow precipitate of 

cadmium sulphide commences to fall down. Generally a small 
amount of cadmium hydroxide contaminates the sulphide, owing 
to the cathode reaction being a little slow ; therefore, after filtering 
the cadmium sulphide, it sHbuld be washed with a little sulphuretted 
hydrogen water, or the sulphuretted hydrogen water added before 
filtering. 

The mechanism of the reaction is practically the same as in 
the case of hydroxide formation. When the current is passed 
NO3', D', or SO4" ions, as the case may be, are liberated at the 
anode, and oxidise it, causing the metal to pass into solution. 
At the cathode the reducing action of the hydrogen produces 
sulphuretted hydrogen, which unites with the salt to produce 
cadmium sulphide. 

By replacing the cathnium anode by one of other metals, the 
sulphides of the various metals can be produced. 

XVI. Hytfro^ylamine Hydrochloride, 

NH,OH.HCl. 

When nitric'acid is reduced in presence of a metallic salt, such 
as copper sulphate, ammonia is produced, and this reduction may 
be used, as a method for estimating nitrates (p. 145). When, how- 
ever, the reduction takes place in presence of dilute sulphuric acid 
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and with a cathode of amalgamated lead, then the nitric acid 
can be almost quantitatively reduced to . hydroxylamine. The 
nitric acid is probably first of all reduced to nitrous acid, 
hydroxylamine being the next stage, and the final stage is 
ammonia. Tafel consid^s that the ready formation of ammonia, 
by the reduction of nitric acid in presence of a copper salt 
(see p. 146), is not due to the formation of NH^OH and its 
further reduction, but that the copper exerts a specific influence 
which prevents the formation of hydroxylamine. Spongy copper 
or copper sulphate have no action on hydroxylamine, it is there- 
fore probably a question of the effect of the cathode material 
upon the potential at which the hydrogen is liberated. 

H0.N02->H0.N0“>H0.NH,->NH, 

The reduction is carried out in an amalgamated circular lead 
vessel, which acts as cathode. A glass plate is laid on the bottom 
of the vessel, and on this a porous cpll is placed. The anode 
should consist of a coiled lead tube through which cold water can 
be circulated. The whole apparatus is then stood in a freezing 
mixture. The diameter of the cathode should be about 10 centi- 
meters (about 4"), the diameter of the anode cell from 7*0 to 7*5 
centimeters (275 to 3 inches). 

Amalgamation.— In order to amalgamate the cathode it 
must be first carefully cleaned with sand and caustic soda. After 
this it is washed out with dilute nitric acid, and then thoroughly 
amalgamated by rubbing it with mercury by means of a rod of 
wood with a piece of cloth tied on the end. 

A ring-shaped stirrer made from a piece of lead pipe passes 
round the outside of the anode cell. 

The anode cell is filled about three quarters full with 50-per- 
cent. sulphuric acid. About 170 to 200 c.c. of acid of the same 
strength is placed in the .cathode compartment. The whole appa- 
ratus is now cooled and the circuit closed, a current of about 24 
amperes being passed. Twenty grams of nitric acid (30 c.c., 
50-per-cent. HNO3) is then slowly run iiito the cathode solution 
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from a dropping funnel : the operation of running in should take 
about two hours. After all the nitric acid has been run in, the 
solution is electrolysed for another forty or fifty minutes, until the 
solution on testing shows only traces of nitric acid. 

During the electrolysis the cathode Solution should be stined 
every few minutes. It is, indeed, better if the stirrer can be fixed 
on to a rising and falling beam or a slow-moving eccentric, so 
that the stirring may be continuous. 

As soon as the electrolysis is finished the cathode solution is 
transferred to a beaker, and a warm concentrated solution of 
barium chloride run in, care being taken, however, that the 
temperature does not rise above 30° or at most 40° The barium 
chloride neutralises the sulphuric acid, and then converts the 
hydroxylamine sulphate into hydroxylamine chloride. 

(NH2.6h) 2H,SO* + BaCla = aNH^-OH, HCl -f BaS 04 

Care must .be taken not to add an excess of barium chloride. 
The solution is then freed from barium sulphate by filtration, 
and the clear solution evaporated to dryness on the water bath. 
If possible, the evaporation should be done in a vacuum, the only 
difficulty being due to the rather vigorous bumping which often takes 
place. There is no great difficulty in distilling off the water in 
a vacuum, provided a good condenser is employed. The residue 
consists of NH2.OH, HCl with about 8 per cent, of ammonium 
chloride. The ammonium chloride can be separated by dissolving 
the mixture in about half its volume of hot water, when the hydro- 
xylamine salt crystallises out almost pure. The yield of hydro- 
xylamine is from 75 to 80 per cent, of the nitric acid taken. 


LITERATURE, 

J. Tafel, Zeit Anorg. Chem. (1902), 31 , 289. 



CHAPTER XIII. 


ORGANIC ELECTROLYSIS, 

Electrolysis of Organic Acids. 

Owing to the very feeble conductivity of organic acids, i,e. to 
the slight amount of ionisation which they undergo, the acids 
per se can only be electrolysed with difficulty, and by the expen- 
diture of a large amount of electrical energy — that is to say, with 
currents of high potential. On the other hand, the alkaline salts 
of the acids are fairly good electrolytes, and, therefore, by em- 
ploying salts of the organic acids, we are able to obtain anionic 
reactions, the cathodic reactions being of very little importance. 
The electrodes employed in the electrolysis of the organic acids 
must be of some material which is unacted upon by the decom- 
position products or by the oxygen evolved at the anode. Platinum 
is usually the most satisfactory, although at times graphite or 
peroxidised lead can be used. 

Concentration of the electrolyte, the intensity of current 
density, and the temperature determine, to a great extent, in what 
manner the electrolytic decomposition will proceed, 

I. In dilute aqueous solution the action is mainly the pro- 
duction of oxygen at the anode and hydrogen at the cathode. 
The cathode reaction is always the same, and is simply the 
secondary reaction due to the discharge of the alkali ions; as, 
for example— 

I. Na + H^O = NaOH -f- H 

The anode reaction with a dilute aqueous solution of, say, sodium 
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acetate, is merely a question of oxygen being given up and the 
acid reformed. 

11 . 2CH3-C + H2O = 2CH3 - cf +0 

0' ^OH 

This is the primary reaction which ensues, but secondary reactions 
may be produced by the oxygen when it is discharged at the 
anode oxidising the acid itself. 

II. With concentrated aqueous solutions the reactions may 
be much more complicated, and may take place in several ways. 
One of the most well-known reactions is the preparation of 
ethane from sodium acetate, in which the carboxyl of the anion 
is split off, and then two hydrocarbon rests unite together to form 
ethane. 

aO 

III, 2CHs-Cf = CHj - CH, + 2CO, 

^0 

At the same time small quantities of ethylene are also formed. 
This must be looked upon as being produced by the decom- 
position of some of the anions as shown above, and of others 
as set out below. 


IV. CH3.COO' OH' 
CHj.COO''^OH' 


CH, 

f| -f 2CO2 + 2H2O 
CH2 


According to the above reaction, it is presumed that, at the 
moment the CHg . COO' ion is liberated at the anode, it splits up 
into the radical CH3 and CO2, and that, before the CH3 has time 
to unite with another CH3 radical, two such radicals are attached 
by hydroxyl groups, which have been simultaneously liberated, 
with formation of water and ethylene, thus : — 


CHa.H' OH' CHs H2O 

+ = 11 + 

CHg.H' OH' CB, H3O 

Now, in the case of acetates this reaction only takes place to 
a very small extent, the main product being ethane produced by 
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the union of two CHs radicals as in Ilf. With alkali propionates, 
on the other hand, the main reaction is the formation of ethylene, 
only a small portion of the . CHg — radicals uniting to 
produce butane. 

V. CH,.CH3.C00' OH' CH 2 

+ =3 11 + 

CH3.CH,.C00' OH' CH 2 

A further reaction may also take place in which one anion splits 
off CO 2 , and the alkyl rest so obtained unites with another anion 
to produce an ester. For example— 

VI. 2CH,.C(/ =CH,.C( +CO, 

'0 OCH;, 

A very good example of this class of reaction is illustrated 
by the formation of the trichlor-methyl ester of trichloracetic acid 
when trichloracetic acid is electrolysed. 

Jd .0 

2CC4.cf =CCl3.C( 4-C02 
^0 'OCCI, 

A. Crum Brown and J. Walker, by electrolysing the acid 
esters of dicarboxylic acids, were able to produce additive com- 
pounds, the production of which is made clear by an examination 
of equation III. As an example, may be given the formation 
of diethyl succinate when sodium ethyl malonate is electrolysed. 
Only one of the carboxyl groups is able to take part in the 
reaction, because the other one is masked by the alkyl group, 
which prevents it being ionised. 

/-COOC2H5 
/COOC^Ha cn, 

VII, 2CH/ = I + 2 CO 2 

^COO CH, 

'-COOC2H3 

Finally, H. Hofer and M. Moest find that when an organic acid 
is electrolysed in presence of an alkali sulphate, carbonate, or— 
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better— perchlorate, that an alcohol is produced. The reaction 
depends upon the discharge of hydroxyl ions thus — 

VIII. CHs.COO-fOH^CHg.OH + COa 
The hydroxyl anion may either be discharged as such, or may 
be produced by the discharge of the inorganic acid anion, as, for 
example, with perchloric ions — 

IX. CIO, -{- HOH = HCIO, + OH 

We may therefore formulate the production of methyl alcohol 
by the electrolysis of sodium acetate in presence of sodium 
perchlorate, as— 

X. CH3 . COO + CIO, + H3O = Cn, , OH + HCIO, + CO, 

The fact that, when an acid is electrolysed in presence of 
sodium carbonate, an alcohol is produced, explains why it is 
that on electrolysing a concentrated solution of sodium acetate 
without a diaphragm, the yield of ethane, which at first is almost 
quantitative, rapidly falls off. This, therefore, is due to the presence 
of an alkali carbonate which is produced during the course of 
the electrolysis, and that, as soon as it is produced, the reaction 
proceeds according to equation VI 11 . With dibasic acids, only 
one of the carboxyl groups is attacked ; thus, from succinic 
acid |S-oxy propionic acid is produced. 

CH2.COO OH CH2.OH 
I + = I + CO 

CH2.COOH CHg.COOH 

XVII. Preparation of Ethane. 

A porous cell is fitted tightly with a rubber cork, through 
which passes a delivery-tube and a piece of stout platinum wire 
bent in the form of a spiral, and which is intended to function 
as anode ; a piece of sheet platinum may be used instead of the 
spiral. The porous cell is then filled two-thirds full with a 
cold saturated solution of sodium acetate, to which is added i or 
2 per cent, of glacial acetic acid. 
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The anode cell, round which is coiled a piece of nickel wire 
to serve as Cathode, is placed in a beaker, which is then nearly 
filled with a similar solution 
of sodium acetate to that 
employed for the anode 
compartment. The whole 
apparatus is then placed in 
a vessel of cold water. This 
form of apparatus can only 
be employed when it is 
desired to collect the anode 
gas alone; if, as is often 
desirable, it is intended also 
to collect the cathode gas, the cell must be placed in a wide- 
mouthed bottle or a cylindrical glass vessel, and must be fixed 
air-tight by means of a rubber ring or stopper. The apparatus 
depicted in Fig. 58 is i^rhaps the best to employ, when both 

+ 



Fig. 58. 


gases are to be collected. The two Woolf bottles are employed 
in order to equalise the pressure on the anode and cathode, the 
gases being collected from the tubes a and b. Elbs employs 
a somewhat similar arrangement, in which, however, he uses a 
tube opening to a bell-shaped end, instead of the porous cell. 





Fig. 57. 
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A current density of from 6o to 8o amperes should be em- 
ployed; this is easily obtained, because the anode surface used 
is small. The temperature should not be allowed to rise above 
20"^, because the higher the temperature the lower the yield of 
ethane. The two wash vessels contain a strong solution of 
caustic soda to absorb the CO2 which is produced at the anode, 
as shown in the equation — 


2CH,C 


"^0 


CHg 

1 + CO, 

CHg 


XVIII. Preparation of Ethylene. 

The apparatus and electrodes employed in the pret>aration 
of ethylene may be the same as those used in preparing etliane. 
If, however, the presence of hydrogen with the ethylene is not 
a disadvantage — as, for example, in the preparation of ethylene 
dibromide, when the gas is passed through a mixture of bromine 
and water,— then there is no necessity to separate the anode from 
the cathode, and the electrolysis can be conducted in a wide- 
mouthed bottle. The anode is placed in the centre and surrounded 
with a cylinder of nickel, which acts as cathode. This arrange- 
ment has the advantage of decreasing the resistance and of 
making it easier to keep the apparatus cool. The solution to 
be electrolysed is prepared by dissolving 40 to 50 grms. of 
sodium propionate in 100 c.c. of water, and then adding 25 to 
30 grms. of propionic acid. When the anode and cathode are 
separated, a solution of sodium carbonate may be used for the 
cathode compartment. 

The C.D. must, as in the preparation of ethane, be high; 
it should not be less than 70 amperes, and may rise to 100, 
provided the temperature of the solution does not rise above 
35® or 40®. The yield of the ethylene is between 35 and 50 per 
cent, of the theoretical amount. 

CHg.CHa.COO' OH' CE, 

+ = 2 II 2CO2 "h 2H,0 

CH3.CH2.COO' OH' CH, 
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XIX. Preparation of Diethyl Succinate. 

The electrolyte consists of a nearly saturated solution of acid 
potassium or sodium malonate, which is contained in a beaker 
standing in cold water. As the hydrogen evolved during the 
reaction has no action upon the products of electrolysis, it is 
not necessary to separate the anode from the cathode by means 
of a diaphragm. The anode should be a spiral of stout platinum 
wire, and should be sufficiently thick not to become hot when 
the current is passed. The cathode may conveniently be made 
of sheet platinum. 

CONDITION. 

C.D 50 to 70 amperes. 


As the solution is very strong, the electrolyte is rather viscid; 
and this, and the high current employed, cause very considerable 
frothing to take place. Therefore the beaker in which the 
electrolysis is conducted must not be more than half filled with 
the electrolyte. 

After a little while the diethylsuccinate begins to separate out 
as a mobile oil, which floats upon the surface of the solution. 
When rather more than the theoretical amount of current has 
been passed the electrolysis is stopped, the mixture transferred 
to a separating funnel, diluted with water, and extracted twice 
with ether. After drying over calcium chloride, the ether is 
distilled off and the ethyl succinate fractionated; b.p. 216“ 


2CH, 


yCOOC,R, 


^^COOCA 

CH, 

I + 2CO2 

CH- 

\COOQH5 


For the preparation of potassium ethyl-malonate, see p. 283. 


XX. Preparation of Diethyl Adipic Acid. 

The method of preparation of diethyl adipic acid is similar 
to that adopted for the preparation of diethyl succinate, A nearly 
saturated solution of potassium ethyl succinate is electrolysed in a 



232 Practical Electro-Chemistry. 

tall beaker, which, as in the case of the previous experiment, 
must not be more than half full, owing to the frothing which 
takes place. 

CONDITION. 

C.D . . 50 to 75 amperes. 

At the end of the reaction — 70 c.c. of solution will require 
the passage of about 20 ampere hours — the mixture with the 
adipic ester floating upon its surface is diluted with water and 
extracted twice with ether, and the ethereal solution dried over 
calcium chloride. After driving off the ether, the oil which 
remains has a pleasant fruity odour, due to the presence of 
small quantities of ethyl acrilale, CHg : CH . COOCaHj. In order 
to free it from this and obtain it quite pure, the ester should be 
heated to 120° for about half an hour, and then fractionated, b.p. 
at normal pressure 254°; but it is more satisfactory to distil 
under diminished pressure. The yield of ethyl adipic acid is from 
30 to 35 per cent. When potassium methyl succinate is electro- 
lysed under the same conditions, dimethyl adipic acid is produced. 

CH2.COOC2H5 

I 

CHj.COOCsHs CH, 

2 1 = j -f 2CO2 

CH^ - COO CH, 

I 

CHs.COOC^Hs 

For method of preparing potassum ethyl or methyl succinate, 
see p. 283. 

XXI. Preparation of Methyl Alcohol, 

Make up a solution containing 225 grm. potassium acetate, 
52 grm. potassium carbonate, and 55 grm. potassium bicarbonate 
to the litre. In order to prepare methyl alcohol, this solution 
may either be electrolysed in an undivided cell, or it can be 
electrolysed in the anode compartment of a partitioned cell. 

CONDITIONS. 

C.D. 20-25 amperes, 

E.M.F 7-8 volts. 

Temp. ....... 25^-30® 
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The anode should be of platinum, and it is an advantage to 
have it slowly rotating. As the current density is rather high, the 
solution is apt to become very hot, and this causes evaporation 
and loss of the methyl alcohol. For this reason the electrolytic 
cell should be placed in a basin of cold water, and as a further 
precaution the cathode should be made from a coil of thin lead 
piping, on to which is soldered a piece of copper wire to convey 
the current Water is caused to flow through the lead pipe, and 
the coil is placed round the anode compartment, or when the cell 
is not divided, the lead coil is run close to the outer wall of the 
electrolysing vessel, the anode being in the centre. 

As the electrolysis proceeds, acetic acid is allowed to slowly 
drop in from a dropping funnel, to take the place of the decom- 
posed acetic ions. 

CH3 . COO + OH' = CH3 . OH + CO, 

The acetic acid must on no account be run in sufficiently quickly 
to cause the solution to become acid, otherwise methyl alcohol 
will not be produced. 

When about 50-60 ampere hours of current have been passed, 
the electrolysis is stopped. The solution containing the methyl 
alcohol is transferred to a flask, and about one-fifth of it distilled 
off on a sand bath. The distillate contains the methyl alcohol 
and traces of formaldehyde. In order to obtain the pure methyl 
alcohol, small pieces of caustic lime or an excess of anhydrous 
potassium carbonate is added to the solution, and, after standing 
for about 24 hours, the flask containing the methyl alcohol and 
lime is placed on a water bath, and the alcohol distilled off. The 
yield of methyl alcohol is from 50-60 per cent. There is really 
no advantage in employing a divided cell, because methyl alcohol 
is not reduced by the cathodic hydrogen. The weight of the 
alcohol can be ascertained by multiplying the number of c.c. 
obtained by 0789, the specific gravity of methyl alcohol. 
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CHAPTER XIV. 


REDUCTION OF ORGANIC COMPOUNDS, 

The electrolytic reduction of organic compounds has been very 
fully studied, and the results obtained have been of great import- 
ance. Compared with methods of electrolytic oxidation those 
of reduction are comparatively easy. Very different results can 
be obtained by varying the conditions of reduction. Thus, for 
example, different reduction products are obtained from the same 
substance by reducing in strong acid or dilute acid solutions, in 
alkaline or neutral solutions. The material of the electrode also 
has a considerable influence upon the manner of the reduction. 
This is not due to the difference of the metal, but to the fact 
that with certain metals the hydrogen is yielded up at a higher 
potential. In fact, the chief influence in the reduction is the 
potential at which the hydrogen ions are discharged. W. Lob 
and R. W. Moore ^ find that nitrobenzene can be reduced in 
alkaline solution with a cathode of platinum, copper, tin, zinc, lead, 
or nickel, or with a platinum cathode and the hydroxide of tin, 
zinc, or lead. 

In general chemistry it is well known that when nitrobenzene 
is reduced in acid solutions aniline is produced, but reduction 
in alkaline solution leads to the formation of azoxybenzene, 
azobenzene and hydrazobenzene. The electrolytic reduction 
of nitrobenzene and of substituted compounds of nitro- 
benzene has been very thoroughly studied, and it is found 
that it is possible to bring about by electrical means the same 
changes as those produced by purely chemical methods, and very 
* IUU,f. Phys. Chem, (1904), 47 , 818. 
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often with very much greater readiness. Some of the reactions 
are due to primary electrolytic reduction^ but others must be 
classed as being brought about by secondary changes. F. Haber ^ 
has drawn up a scheme in order to show this in a clear manner. 
In the scheme, here given, the vertical arrows show the primary 
changes, and the oblique indicate secondary reaction. 


I 

^QHsNO 

C,H5.N = N.C6H5 CA-N-N-C,Hs 1 

0 i 

! ^ 

1 CjH.NH.OH 
>C,HsNH - NHC,H, 


/OH(p) 

c . h / 

NH, 


^CsHsNHj 


REDUCTION IN ACID SOLUTION. 

The primary reaction from nitrobenzene to nitrosobenzene, 
phenylhydroxylamine, and aniline takes place in moderately dilute 
acid solution. When strong acid is employed, the main product 
is p-amidophenol. In strong sulphuric acid phenylhydroxylamine 
undergoes intramolecular change, the OH group exchanging place 
with a hydrogen atom in the para-position thus : — 

CflHg . NH . OH ^ HO . QH4 , NHa 


XXII. Preparation of Aniline. 

25 grm. of nitrobenzene is dissolved in 100 c.c. of alcohol, 
and added to 300 c.c. of sulphuric acid (25 to 30 per cent.). This 
mixture is placed in a porous cell which acts as cathode chamber. 
The cathode is made of a sheet of lead bent into the form of a 


^ Zeii.f. Elekirockm. ( 1898 ), 4 , 506 . 
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cylinder, and having narrow slots cut into it at intervals. A small 
lead paddle, also connected with the negative pole of the source 
of current, is placed in the centre of the cell, and rapidly rotated 
during the time the electrolysis is being conducted. If the 
mixture is not agitated, sufficient alcohol should be employed to 
keep the nitrobenzene almost completely in solution, and the 
cathode solution is placed in a high beaker, the porous pot 
containing the anode. 

The anode may be a cylinder or sheet of lead, the anode 
solution sulphuric acid of the same strength as that employed for 
the cathode solution. 

CONDITIONS. 


C.D 4 to 5 amperes. 

E.M.F 37 to 4'o volts. 

Temp 6 s® to 8 o® 


The electrolysis is commenced at normal temperature, but the 
passage of the current rapidly raises the temperature to the boiling 
point of alcohol. The object of the high beaker is to condense 
as far as possible the alcohol which is vaporised by the high 
temperature. From the equation it is seen that 123 grm. of 
nitrobenzene require the passage of six faradays or 6 x 96540 

CeHgNOa + 6H = CfiH.NHs + 2H2O 

coulombs of electricity in order to reduce it to aniline. Therefore 
25 grm. require about 33 ampere hours. As toward the end of 
the reaction a certain quantity of hydrogen is invariably lost, the 
current should be passed for about 35 ampere hours. 

The alcohol is now distilled off, the solution made alkaline 
with caustic soda, and steam distilled. If there is a trace of 
nitrobenzene left, this can be separated by a preliminary steam 
distillation before making alkaline. The aqueous distillate Is 
extracted with ether, and the aniline recovered as usual. Yield 
about 80 per cent, or higher. Crystals of aniline sulphate can 
be obtained by evaporating the acid solution to small bulk, but 
there is no advantage in this. 
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Toluidines. 

Ortho- meta- and para-nitrotoluene are readily reduced in a 
similar manner to nitrobenzene with a formation of the corre- 
sponding toluidines. The yields of toluidines are very satisfactory, 
but the 0- and m-nitrotoluenes give rather higher yields of the 
corresponding toluidines than the p-nitro- toluene. 


XXllI. Preparation of p=Aniidophehol.' 

As has already been stated (p. 236), p-amidophenol is obtained 
when nitrobenzene is reduced in strong solutions of sulphuric 
acid. The strong acid causing an intra molecular change between 
the OH group of the hydroxy lamine and the hydrogen atom 
situated in the para-position. 

Owing to the strong sulphuric used, and the high temperature 
at which the reaction is conducted, platinum electrodes must 
be employed. The anode and cathode are separated; either 
an ordinary porous cell may be used, or one of the double 
perforated cells (p. 196), in which the inner portion is wrapped 
round with asbestos, can be employed. 

30 grm. of nitrobenzene is mixed with 200 c.c. of strong 
sulphuric acid, and about 4 to 6 c.c. of water added. This 
solution is placed in a beaker which constitutes the cathode space ; 
the anode compartment, which has first been soaked in strong 
sulphuric acid, is placed in the middle of the beaker. A spiral of 
thick platinum wire, which forms the cathode, is wound loosely 
round the anode cell, or a cylinder of platinum may be used 
instead of wire. The anode may either be a cylinder of platinum 
foil or, better, a stout coil of platinum wire. 

CONDITIONS. 


C.D 5 to 6 amperes. 

E.M.F 7 to 8 volts. 

Temp 75® to 80® 


' Gattermann, Btr,^ 26 , 1846. A. Noyes & A. Clement, Ber.^ 26 , 990. 
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No heating is required, but during the reaction the temperature 
rises to 75° or 80°. It must not be allowed to exceed 85°, otherwise 
sulphonation takes place, and p-amidophenol sulphonate is 
produced; even at this lower temperature a certain amount of 
sulphonation does ensue. As the electrolysis proceeds, the 
solution becomes of a dark-blue colour. After about 30 ampere 
hours of current have passed the reduction is stopped, and the 

OH 

QHgNO, + 4H = QH. 4 - H .0 

anode cell removed. On allowing to stand for some time in 
a cool place or by placing the beaker in a freezing mixture the 
p*amidophenol crystallises out, the whole mass becoming a thin 
porridge of crystals. The crystals are filtered off on the filter 
pump, glass wool or asbestos being used to filter through. After 
filtration, the crystals are spread on a piece of porous plate to 
remove as much of the sulphuric acid as possible, and recrystallised 
from alcohol. The yield is generally about 20 to 30 per cent., 
but if the temperature has been allowed to rise too high, it may 
be very much lower. There is always a certain quantity of the 
sulphonic acid formed, and varying quantities of higher reduc- 
tion products. When 80-per-cent, sulphuric acid is used, less 
sulphonation takes place, but in this case the cathode must be 
rapidly rotated. 

REDUCTION IN ALKALINE SOLUTION. 

In alkaline solution the reactions are mostly secondary; 
according to Haber’s scheme (p. 236), it is seen that azoxy 
and azo compounds are produced. The formation of the azoxy 
compounds may be written as ; — 

/Ok 

2C6H5NO2 -f 6 H = CAN - N , QHs + 3H2O 

It probably is also produced as a secondary reaction between 
phenylhydroxylamine and nitrosobenzene. 

CsHsNH . OH + QHsNO = QH,N - NCA + H^O 
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The nitrobenzene is first reduced to nitrosobenzene, a portion 
of which is then further reduced to phenylhyclroxyIamine, and the 
interaction of these two substances causes the formation of the 
azoxybenzene. 

XXIV. Preparation of Azoxybenzene.^ 

As cathode compartment use a fairly wide porous cell about 
8 or 9 cm. in diameter, and place it in a cylindrical lead 
vessel, which is to serve as anode. The anode solution is a 
15-per-cent, solution of sodium sulphate slightly acidified with 
sulphuric acid. 

Mix 30 grm. of nitrobenzene with 300 to 400 c.c. of 3 -per-cent, 
solution of sodium hydrate, and place the mixture in the cathode 
cell. The cathode may consist of a nickel gauze cylinder or a 
close coil of stout nickel wire, wound so as to fit closely against 
the walls of the cathode cell. A nickel stirrer is then placed in 
the centre of the cell, and the mixture is vigorously agitated so as 
to produce a thorough emulsion, the nickel stirrer being also con- 
nected with the negative source of current, 

CONDITIONS. 

C.D 5 to 6 amperes. 

E.M.F 6 to 8 volts. 

No external heat is applied, but during the electrolysis the 
temperature of the solution rises considerably. 

According to the equation already given, two molecules 
of nitrobenzene are seen to require about 33 ampere hours 
of current, therefore 30 grm. theoretically should need i6‘5 
ampere hours. It will be found advisable to give the experiment 
about 22 ampere hours. Shortly after the current has been 
passed the solution becomes bright red, but towards the end 
of the reaction the solution often appears rather muddy and of a 
brownish red colour. 

After the electrolysis is finished, the mixture is transferred to a 
flask and steam distilled to remove unchanged nitrobenzene and 
* Chem, Z^., 17, 210 . 
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any aniline which may have been formed. As the azoxybenzene 
is also to a certain extent volatile with steam, the distillation 
must be stopped when the distillate only smells faintly of nitro- 
benzene— that is, after 30 or 40 minutes’ distillation. The bulk of 
water is poured oif the oil which remains at the bottom of the 
distillation flask, and the oil poured into a beaker. On standing 
for some little time in a cool place the oil solidifies. The crude 
azoxybenzene is purified by recrystallisation from petroleum ether 
or from ligrdin. It is obtained as crystalline plates or needles of 
a light yellow colour; m.p. 36'’. The yield varies considerably, 
but is not usually above 40 jier cent. 

Very little work appears to have been done upon the nitro- 
toluenes, but p-azoxytoluene has been prepared by electrolytic 
reduction of p-nitrotoluene with a C.D. of i to 2 amperes. It is 
a red sandy substance which on crystallisation from alcohol 
forms orange-red needles, m.p. 75° 

XXV. Preparation of Azobenzene.' 

When the reduction is carried a stage further than is necessary 
for the formation of azoxybenzene, azobenzene is produced, 

2C8H5NO, + 8 H = QH,N - NCeHs + 4 H ,0 

Dissolve 30 grm. of nitrobenzene in 200 c.c. of 70-per-cent, alcohol, 
and add 8 grm. of sodium acetate : this solution forms the cathode 
mixture. Place it in a narrow beaker, and as anode compartment 
use a porous cell. The Anode solution consists of a cold 
saturated solution of sodium carbonate. The anode may be 
of platinum foil or wire, 'or a graphite rod can be employed. The 
cathode should be a nickel gauze cylinder, placed between the 
anode cell and the beaker. 

CONDITIONS. 


C.D 6 to 8 amperes. 

E.M.F 8 to 9 volts. 

Temp. ..... Normal to commence with, 


K. Elbsand 0 . Kopp, EUktrockem.y 5 , 108. 

R 
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but as the electrolysis proceeds the mixture rapidly reaches 
the boiling-point of the alcohol. The object of having a tall 
narrow beaker is to condense, as far as possible, the volatilised 
alcohol ; it may, however, be necessary to add fresh quantities 
of alcohol from time to time. Toward the end of the reaction 
the C.D. is reduced to 2 amperes, and the current passed for 
about i| hours at this density. About 30 ampere hours are 
required to complete the reduction — that is, the passage of 
slightly more than the theoretical amount of current. As a high 
C.D. is being used, and because during the electrolysis the anode 
solution tends to become depleted of cations, the anode cell 
should not be too small, as otherwise, owing to resistance being 
set up, a high E.M.F: is required to drive the current through, 
and the heating of the solution becomes excessive. 

As soon as the process is finished, the mixture is transferred 
to a flask, and air is aspirated or blown through it for about 
half an hour. The object of passing air through the mixture is to 
decompose any hydrazobenzene which may have been produced, 
as it is found that a small quantity of this product is invariably 
formed. Traces of azoxybenzene may also be present The 
bulk of the alcohol is distilled off, excess of water added, and 
the precipitated azobenzene filtered off and washed. If the 
reduction has not been carried far enough, the unchanged 
nitrobenzene remaining makes it very difficult to get the azoben- 
zene to crystallise. The only thing to do in this case is either to 
further reduce the product or to steam distil it, but this latter 
method always results in loss, because some of the azobenzene 
passes over with the steam. It is then recrystallised from alcohol 
or light petroleum spirit, when it is obtained in beautiful red 
plates ; m.p. 68® Yield about 70 to 75 per cent. 

XXVI. Preparation of Hydrazobenzene.* 

From the equation for the formation of hydrazobenzene, it is 
seen that two more hydrogen atoms are required to produce it 
than are necessary for the preparation of azobenzene. 

^ K. Elba and 0 . Kopp, ZiiLf. Elektrochem.^ 6, 108. 
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2C8H5NO2 + loH = QHfiNH - NHQHg + 4H,0 

In preparing hydrazobezene, the conditions of the experiment, 
solution, electrodes, etc., is the same as in the previous case. 
For 30 grm. of nitrobenzene theoretically about 32 ampere hours 
are required, but to ensure complete reduction the current should 
be passed for about 3 5 ampere hours. After sufficient current to pro- 
duce azobenzene has been passed, the C.D. should be dropped to 
2 or 3 amperes — say, e.g.^ after the passage of 23 ampere hours. 
As the reduction becomes completed, crystals of hydrazobenzene 
commence to fall out ; when the process is completed, the beaker 
containing the product is placed in a basin of cold water, and 
a low cunent of o'5 to 075 ampere passed while the substance 
is cooling, say for three-quarters of an hour. The bulk of the 
hydrazobenzene thus crystallises out, and, on rapidly filtering on 
the pump and washing, first with dilute acetic acid, and then 
with alcohol, the hydrazobenzene is found to be practically pure. 
Another crop of crystals can be obtained from the mother liquors 
by addition of water containing a little ammonium sulphide— to 
prevent oxidation. This last portion can be obtained quite 
pure by recrystallisation from alcohol. Hydrazobenzene forms 
colourless tablets ; m.p, 131° ; yield over 80 per cent. 


XXVII. Preparation of Benzidine.^ 


When hydrazobenzene is acted upon by strong sulphuric acid 
it is converted by intramolecular change into benzidene, as shown 
by the following scheme 




>NH, 


This preparation can hardly be called an electrolytic one, but 
as it is very readily produced from hydrazobenzene, it is in- 
cluded here. In order to prepare it, the cathodic mixture is 
after electrolysis, without cooling, poured into moderately strong 
hot sulphuric acid {200 c.c. HyS04, 4 ^° c.c. This must 

^ W. Lob, Zdt.f. Elektrochm.> 7 , 320 and 333 » also 597. 
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be done with caution, because the solution containing the 
hydrazobenzene is strongly alkahne, and when it is poured into 
the hot acid, unless care be taken, the reaction becomes too 
violent. In order to prevent reduction of the hydrazobenzene 
it is advisable to add a few crystals of sodium sulphite to the 
cathode solution before pouring it into the sulphuric add. The 
benzidine sulphate separates out as a crystalline powder, and, 
after cooling, this is separated off. In order to remove any azo- 
benzene which may be present, owing to oxidation, it is washed with 
warm alcohol. About 65 per cent, of the theoretical amount of 
benzidine sulphate is produced. The free base is obtained by 
grinding up the benzidine sulphate in a mortar with excess of 
ammonia. The base is then filtered off and washed with a little 
cold water to remove the ammonium sulphate, and the benzidine 
crystallised from boiling water. As it is not very soluble in 
water, a considerable quantity is required to dissolve it. On 
cooling, large colourless plates or leaflets are obtained, which are 
filtered off and washed with a little water and dried, m.p. 122®. 

The azo- and hydrazo-compounds of other nitro-compounds 
are readily prepared by the same methods as those used for 
preparing these compounds from nitrobenzene. Thus the 
azoxy compounds obtained from p-nitro-anisol and from the 
nitroxylenes are really easier to prepare than ordinary azoxy 
and azobenzene, because they melt at much higher temperatures 
and are therefore more readily crystallised. Other substituted 
azoxy and azobenzenes can be produced by employing substi- 
tuted nitrobenzenes. For example, the three chioronitrobenzenes 
yield the corresponding chloroazoxybenzenes, etc, 

XXVIIL Preparation of p=Phenyienedia- 
mine.^ 

By reduction of the ortho- and para-nitraniline the correspond- 
ing diamines are readily obtained ; e,g. with p-nitraniline — 

^ Commercially hydrochloric acid is generally employed instead of 
sulphuric acid. 

* A. Noyes and J. J. Dorrance, Ber.^ 28 , 2350. 
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ym,{p) /NH, 

C,H/ + 6H = C,H4< + 2 H ,0 

^NH., 

Take 20 grm. p-nitraniline and dissolve in about 150 to 200 c.c. 
of alcohol; now dissolve 5 to 7 grm. sodium acetate in 100 c.c, 
of hot water, and mix the two solutions. . This mixture is then 
placed in a beaker, which acts as the cathode cell. The cathode 
is of nickel gauze, as also is the anode. The anode cell is filled 
with a 20-per-cent, solution of sodium carbonate. 

CONDITIONS. 


C.D 14 to r8 amperes. 

E.M.F 7 to 8 volts. 

Temp 75'’ to 80® 


The mixture is made warm to start with ; the high current used 
keeps it at the boiling-point of the alcohol. The evaporated 
alcohol may be replaced from time to time. 

After the passage of 24 ampere hours the current is stopped. 
The first 18 or 20 ampere hours of electricity are passed at a 
high current density, then the current is gradually cut down to 2 
amperes. 

At the end of the reaction the still hot cathode fluid is poured 
into a mixture of 50 c.c. sulphuric acid and too c.c. water. 
The mixture is allowed to stand for an hour or two, filtered 
on the pump, and then spread on a porous plate. By this means 
colourless plates of p-phenylenediamine sulphate are obtained. 
The yield is about 75 per cent, of the theoretical quantity 
obtainable. 

It should be noticed that whereas o-nitraniline upon re- 
duction in the above manner yields o-phenylenediamine, 
m-nitraniline yields, when reduced under similar conditions, 
m-diamidoazobenzene. This peculiarity is due to the tendency 
of the ortho- and para-compounds to form quinones, a tendency 
which is not exhibited by the meta compounds. 



246 


Practical Electro-Chemistry, 


REDUCTION OF A MIXTURE OF 
NITROBENZENE AND BENZALDEHYDE. 

XXIX. Preparation of BenzylidenephenyN 
hydroxylamine.' 

The preparation of benzylidenephenylhydroxylamine by the 
reduction of nitrobenzene in presence of benzaldehyde is of 
considerable theoretical importance, because it proves that 
phenylhydroxylamine is a product of the reduction of nitro- 
benzene, and that aniline is produced by its further reduction. 
The reactions which take place in the preparation of benzyli- 
denephenylhydroxylamine may be written in two stages. 

L QH5NO2 + 4H = QHsNH . OH H ,0 

OH 0 . /Ov 

IL C«H,N/ -h 7c . CsH, = aH,N-CH . + H, 0 ^ 

The cathode mixture consists of 18 grm. nitrobenzene and 20 
grm. benzaldehyde dissolved in 40 grm, of glacial acetic acid, to 
this solution 40 grm. (about 22 c.c. of concentrated sulphuric 
acid) is added. The mixture is poured into a beaker, which acts 
as cathode compartment. 

The anode solution is made up of 3 parts concentrated 
sulphuric acid and i part water, and is placed in a porous cell which 
stands in the beaker. 

Both anode and cathode must be made of platinum. Stout 
platinum wire is the most satisfactory form to employ for the anode. 
The cathode may either consist of platinum wire coiled loosely 
round the anode cell, or, better, a cylinder of platinum— for 
example, a cylinder such as is employed in electrolytic analysis. 

CONDITIONS. 


C.D. 4 to 5 amperes. 

E.M.F . . 5 to 7 volts. 

Temp i8'=‘to2o'’ 


* Gattermann, Ber>^ 29 , 3040. 
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The whole apparatus is placed in a vessel of cold water to prevent 
the temperature rising above about 20®. 

The amount of current necessary to reduce 18 grm. of nitro- 
benzene to phenylhydroxylamine is 15 '5 ampere hours, but in order 
to obtain a good yield of benzylidenephenylhydroxylamine it is 
found necessary to pass the current for more than double this 
time, about 35 ampere hours. 

When the requisite amount of current has been passed, the 
electrolysis is interrupted, and the contents of the cathode vessel 
poured upon ice or into ice-cold water. The crystalline product 
so obtained has usually a brownish or reddish-brown appearance, 
and often contains small quantities of oil, due to undecomposed 
nitrobenzene or benzaldehyde. The substance is first washed 
with water, then with dilute alcohol, and finally crystallised from 
alcohol, by which means colourless needle-shaped crystals are 
obtained; m.p. 108® to 109°. Yield about 60 per cent. 


XXX. Preparation of Ortho- and Para- 
chloroaniline. 

On p. 238 it has been found that when nitrobenzene is 
electrolysed in a strong solution of sulphuric acid that the 
phenylhydroxylamine which is produced in the second stage of the 
reduction is converted by intramolecular change into p-amido- 
phenol. On electrolysing a mixture of nitrobenzene and strong 
hydrochloric acid, intramolecular change also takes place, but 
with production of chloroanilines, the change which takes place 
may best be shown as follows : — 

CgHjNOa + 4H = CeH^NH.OH + H^O 

In presence of strong hydrochloric acid the phenylhydroxylamine 
is converted into phenylchloramine, which then undei^oes intra- 
molecular change, a portion of the chlorine changing places with 
the hydrogen atom in the ortho position, and a part with the 
hydrogen atom in the para position, thus : — 
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(i) QH^NH.O H + H Cl = CsH^NH.Cl + H^O 

(2) CaH^NHCl Cl.CeH,.HNj 

Process. — A small porous pot, capable of holding 200 to 250 
C.C., which should not be less than from 5 to 6 cm. in diameter, is 
employed as cathode compartment. The cathode may either be 
a cylinder of platinum or a fairly close coil of platinum wire, 
wound so as to come against the sides of the porous cell. 
In the centre of the cell there should be placed a small 
stirrer of stout platinum wire to which has been welded a 
piece of thick platinum foil, to act as a paddle. The cathode 
solution is made by suspending 35 grm. of nitrobenzene in 175 
to 200 c.m. of the strongest hydrochloric acid. The cell is then 
placed in a beaker filled with dilute sulphuric acid (20 per cent). 
Platinum foil or wire may be used for the anode. Before com- 
mencing the reduction, the stirrer, which should be rotated 
sufficiently rapidly to create a good emulsion, is started, and the 
current then switched on. 

CONDITIONS. 

C.D r5 to 2 amperes, 

E.M,F 5 to 6'5 volts. 

It is necessary to pass the current for considerably longer time than 
is theoretically required, 45 to 50 ampere hours being used instead 
of 30 ampere hours, the theoretical amount. If, however, the smell 
of nitrobenzene is no longer noticed, the electrolysis can be stopped 
when less current than above mentioned has been passed. The 
solution in the porous pot has a greenish colour, and it will be 
found on pouring it into a beaker that a small quantity of greenish 
precipitate is suspended in it ; filter this off. Now evaporate the 
solution nearly to dryness on the water bath; on cooling, crystals 
separate out. Add sufficient water to dissolve these crystals and 
then excess of caustic soda j at first a precipitate forms, but this 
rapidly changes into a violet-coloured oil. This mixture is then 
steam-distilled, an almost colourless oil being obtained in the 
receiver (a certain quantity of a violet-coloured oil remains in the 
distilling flask). The distillate is extracted with ether, dried over 
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calcium chloride, and the ether distilled off. The oily substance 
which remains after this treatment is a mixture of ortho- and 
p-chloroaniline. 

Separation of Ortho- and Para-chloroaniline The 

oily mixture is boiled with acetic anhydride, whereby the acetyl 
compounds are obtained. The anilides are then washed free 
from excess of acetic anhydride, dried and boiled for some time 
with a considerable excess of benzene in a flask fitted with a 
reflux condenser. The o-chloroaniline dissolves, and a small 
portion of the para-compound. The benzene solution is filtered 
off, and, on cooling, crystals separate out; these consist of the 
dissolved para-compound. After separating these cr}^stals the 
benzene solution is distilled off, an oil being obtained which 
rapidly solidifies; this is the ortho-compound: m.p. 87^ The 
acetyl-p-chloroaniline melts at 172° to 173°. 

If desired to prepare the pure bases from the acetyl com- 
pounds, this can be done by heating in a closed tube with 
hydrochloric acid to a temperature of 180°. The solution so 
obtained is then made alkaline and steam- distilled. The boiling- 
point of the ortho-compound is 206°, while the p-chloroaniline 
melts at 71® and boils at 231°. 

The reaction does not go completely in the manner set out 
in the equations, because there is always 20 per cent, or more 
of the nitrobenzene converted into a violet-coloured oil. This 
oil, the constitution of which has not yet been determined, is 
left behind in the flask when the ortho- and p-chloroaniline are 
steam-distilled. 

REDUCTION OF SUBSTANCES CON- 
TAINING THE KETO GROUP. 

In the reduction of substances containing the carbonyl grouf 
>CO, the nature of the cathode is, as Tafel ^ has shown, of very 
great importance. With platinum electrodes, generally speaking, 
> 33 , 2209. 
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very little reduction takes place, the most powerful effects being 
produced when lead cathodes are employed. When lead is 
used as cathode the hydrogen ions are discharged at a higher 
potential than when other metals are employed. In fact, the 
presence of only very small quantities of foreign metals seems to 
considerably lower this over-potential. From his experiments, 
Tafel draws the following conclusion : — ” That suhtances which 
are diffimlt to reduce can only he reduced in sulphuric acid solution 
when such cathodes are mployed which give a particularly high 
over-potential at the cathodeP 

Furthermore, the concentration of the acid is of importance ; 
but the best results are obtained with solutions of a concentration 
between 30 and 60 per cent. With very strong sulphuric acid, 
the acid itself becomes reduced, and sulphur is thrown out. 

Another point of importance is the current density— generally 
speaking, the lower the current density the more rapid and complete 
the reduction. This, of course, means the employment of a large 
cathode surface. 

During the reduction, it is often advantageous to add small 
quantities of lead acetate solution (about 0*5 c.c. of a normal 
solution of lead acetate) ; this is to counteract the influence of 
small quantities of metallic impurities which may be present. 


Preparation of Lead Electrodes, 

The lead should be as pure as possible, but it is not abso- 
lutely essential that it should he chemically pure. No soldered 
joints may come near to the 
electrolysing cell. The best 
way to cut the lead is shown 
in Fig. 59; by cutting in 
this manner, two electrodes 
can be obtained from each 
piece of sheet lead. The 
electrode b has a long narrow piece of metal, at the end of 
which a piece of copper wire can be soldered. The electrode a 



Fig. 59. 
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has a similar extension on which the copper connection may 
be fixed. The electrodes can then be bent into any desired 
form. 

In order to prepare the surface of the electrode, it is well 
rubbed with sand and water, washed with caustic soda, and again 
rinsed with water. It is then placed in a vessel of 20-per-cent, 
sulphuric acid, in which it is made the anode, and a current of 
2 amperes per square decimeter passed for about half an hour. 
The surface of the electrode is now covered with a coating of 
lead peroxide. It is then washed under the tap, and placed into 
boiling water for a few minutes, and finally it is dipped into alcohol 
and then dried by means of a blast of air. The electrode is now 
ready for use. 

The first action of the current, when this electrode is made 
the cathode, is to reduce the peroxide coating and to cover the 
surface of the electrode with a thin membrane of spongy lead. 
Even if the lead in the first case was not quite pure, this treat- 
ment goes a long way towards improving its purity, and further 
hydrogen given off on the surface of spongy lead appears to be 
given up at a higher over-voltage than from a polished lead 
surface. 

It is advisable to oxidise the electrode each time before 
employing it in a new experiment. 


Preparation of Porous Cell. 

The porous cells often contain more or less metallic im- 
purities ] they must also be carefully purified. This is done by 
first soaking them in a warm dilute solution of caustic soda for 
a few hours, and then placing them in boiling distilled water for 
another few hours ; after which they are soaked in dilute hydro- 
chloric acid over-night— Tafel recommends for several daysj 
finally soaked for a day or two in distilled water, which should be 
changed every now and then. 
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REDUCTION OF SUBSTANCES 
CONTAINING THE KETONE (CARBONYL 
GROUP). 

When a substance containing the carbonyl group is reduced, 
there are three possible changes which may take place. In the 
first place, a secondary alcohol may be produced — 


R R 

I. \cO + 2H= ')ch.oh 

R 


Or two molecules may condense together with formation of a 
pinakone. 

R. R^ OHOH.R 

II. 2 ^C 0 + 2H= 

R/ r/ \r 


Or, thirdly, the oxygen atom may be eliminated with formation 
of water, the place of the oxygen being taken by two atoms of 
hydrogen. 

R R 

III. ^CO + 411 = ')CHj + H2O 


When acetone is reduced with a mercury cathode, the electrolyte 
being dilute sulphuric acid, then reaction L takes place, and 
isopropyl alcohol is produced. When, however, it is electrolysed 
with lead or other insoluble electrodes, the electrolyte being the 
same, the reaction goes partially according to 1. and partially 
according to II., so that a mixture of isopropyl alcohol and 
pinacone is obtained. 


XXXI. Preparation of Isopropyl Alcohol.^ 

The cathode solution is prepared by dissolving 20 grm. acetone 
in 100 c.c. of 40“per-cent. sulphuric acid. The anode solution 
’ Tafel, ZdUf. EUkirochem. (1902), 8, 288. 
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is lo-per-cent. sulphuric acid, and the anode may he a piece of 
compo-pipe to which a copper wire is soldered. The apparatus 
employed is depicted in Fig. 60. It consists of a glass cell, the 
bottom of which is covered with a layer of mercury, a, about 
I to 2 c.m. deep, b is a piece of stout platinum wire which 
passes through a glass tube to the bottom of the vessel, and 
makes electrical connection with the mercury. I'he porous cell 



placed in a vessel of cold water. Tafel recommends the appa- 
ratus shown in Fig. 61. The advantage of Tafel’s apparatus is 
that it allows the collection of the cathode gases, so that one is 
able to follow the course of the reduction, and it is easy to find 
out how much of the hydrogen is used for reduction and how 
much is unused. 

In order to ascertain the C.D., it is, of course, necessary to 
know the surface of the mercury j this is readily found by 
measuring the diameter of the electrolysing cell. 

If a current of 4 amperes is passed, the electrolysis will be 
complete in about 10 hours. When much higher currents than 
this are employed, it is sometimes rather difficult to keep the 
solution sufficiently cool. 
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As soon as ihe leducUon is completed the clear cathode solution 
is neutralised with solid caustic potash, eare being taken not to 
allow the temperature to rise above 25° or 30°. As soon as the 
mixture is slightly alkaline, excess of anhydrous potassium car- 
bonate is added, the mixture transferred to a flask and distilled 
from the water bath. The isopropyl alcohol which passes over is 
dried with a little anhydrous potassium carbonate and fractionated, 
when almost the whole of it passes over between 80° and 81°, 
The yield is about 18 to 19 grra. 

XXXIl. Preparation of Isopropyl Alcohol 
and Pinacone.' 

In order to prepare isopropyl alcohol and pinacone at the 
same time, the only difference from the last experiment is in the 
material of the electrode, which is lead. The best form of 
apparatus is a small lead vessel, which is used as cathode ; the 
anode may be also of lead, and is placed as before in a porous 
cell. A current density of 4 amperes per square decimeter is 
employed, and the solution is kept cool by placing the lead 
vessel into a basin through which cold water is circulated. The 
following equations both take place concurrently : — 

I. CH3.CO.CH3 + 2H=:CtI,.CH(OH).CH3 
II. 2CH3 . CO . CH3 + zH - CH3 . C(OH) . CH3 

I 

CH3.C(0H).CH3 

As soon as the reaction is completed, which can be told from 
the vigorous evolution of hydrogen, the clear solution obtained 
is treated with caustic potash until slightly alkaline, and then 
with excess of anhydrous potassium carbonate; the mixture is, 
however, not directly subjected to distillation, as in the last 
experiment. The addition of the excess of potassium carbonate 
causes the formation of two layers, the lower one being a con- 
centrated aqueous solution of potassium carbonate. This is 
separated from the upper layer, which consists of a mixture of 
^ E.'Tklerck, D.R.F.^ Ii3»7i9(i893), 
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isopropyl alcohol and pinacone. The two substances are now 
readily separated by fragtionation. The boiling-point of isopropyl 
alcohol is 80° to 81°, that of pinacone 171*^ to 172°. With water 
pinacone forms a crystalline hydrate (CH3)aC(OH) . C(OH) (CH^) 
-f 6H2O; m.p. 42°. The anhydrous pinacone melts at 33°. 

XXXIII. Preparation of Borneol.' 

Camphor also contains the keto group, and on reduction yields 
the secondary alcohol borneol. 

CH, CH— CH. . CH, CH— CHo 

CH3-C-CH3 

I 

■ CH2 C CO CH.. C - — - CH . OH 

I ■ I . 

CH3 CE, 

Camphor. Borneol. 

The cathode may be a lead vessel, all the joints of which must 
be burnt and not soldered. This vessel is prepared in the manner 
already described for lead electrodes (p. 251). The anode should 
be a piece of pure sheet lead, and is placed in a porous cell, 
which stands upon a piece of glass placed on the bottom of the 
cathode cell Or it may be held about 5 cm. from the bottom of 
the vessel by means of a clamp. The cathode solution is prepared 
by dissolving 10 grm. of camphor in 100 to 120 c.c. alcohol, 
and then adding 60 to 100 c.c. of sulphuric acid. 

If the camphor is precipitated out, a further quantity of alcohol 
must be added. The anode solution may be 70- per-cent, 
sulphuric acid. In order to prevent the mixture becoming hot 
during the electrolysis, the lead cell is placed in a vessel through 
which cold water is circulated. 

With a current of 3 amperes the reduction is finished in ten 
hours. The C.D. may be from 10 to 12 amperes, so that if the 
cathode surface is ^ square decimeter, then a current of 6 amperes 

* J. Tafel and K. Schmitz, Zeit.f, Elektrochm. (1902), 8, 288. 


I 

CH^-C-CHs 

I 


+ 2H ^ 




Practical Electro-Chemistry, 


256 

may be employed, provided the temperature does not rise above 20° 
to 24° and in this case the reduction would be finished in five 
hours. The electrolyte does not conduct the current very well, 
therefore the E.M.F. will be found to be from 10 to 15 volts, 
although it may fall considerably toward the end of the reaction. 

When the electrolysis is finished the cathode mixture is poured 
into a beaker, when it will be found to separate into two layers. 
Excess of water is now added, and a semi-crystalline mass 
obtained; this is extracted with ether; the ethereal solution is 
washed and dried and the ether distilled off. The crystalline 
mass so obtained is then purified by recrystallisation from llgroin. 
The m.p. of the pure product is 204° to 205“, and the yield from 
42 to 45 per cent. 

The third form of reduction (p. 252), where the keto group is 
converted into the group, takes place, as has been shown by 
Tafel, when caffeine is electrolytically reduced, desoxycaffeine 
being produced ; thus : — 

CH3.N— CO CH3.N— CH, 

i I /CH, I 1 CH, 

CO C — N +4H= CO C — +HjO 

I II >CH I !| }CH 

CHj.N— C— N CHj.N-C — 

This form of reduction also takes place when uric acid is reduced, 
purone being formed : — 

1 NH-6 CO NH— CHa 

I ' I 1' I 

2 CO 5 C— 7 NH. T 6H = CO— CH —NH. 

I ii >8 CO I I >C 0 +H ,0 

3 NH— 4 C —9 NH^ NH— CH 

Uric Acid. Purone. 

The reduction here, however, is not confined to the replacement 
of the oxygen of the 6 carbonyl group, but goes a step further, 
and also reduces the double-bonded carbon atoms 4 and 5. It is 
, an interesting fact that until Tafel succeeded in electrolytically 
reducing uric acid, all attempts at its reduction had failed. 
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Tafel finds the above reaction, in which the carbonyl group is 
reduced to the CH, group, to be general; alkyl xynthines and 
alkyl derivatives of uric add are also reduced in a siraUar manner. 

The preparation and purification of purone presents consider- 
able difficulties, whereas the reduction of caffeine is comparatively 
easy; the preparation of desoxy caffeine is therefore given as an 
example of this class of reduction. 

XXXIV. Preparation of Desoxycaffeine.* 

Fifteen grm. of caffeine is dissolved in a mixture of 22 c.c. 
concentrated sulphuric acid and 40 c.c. water. This solution is 
placed in a beaker, inside which there is a small porous cell which 
has previously been soaked in 50-per-cent, sulphuric acid, the 
anode solution consisting of sulphuric acid of this ^rength. The 
anode is a piece of lead sheet, or of lead pipe. The cathode is 
made of lead sheet, which has previously been prepared as described 
on p. 251, and is bent in the form of a cylinder, so as to surround 
the anode ceil. The whole apparatus is placed in a bath of cold 
water. A carefully prepared lead vessel may be used instead of 
the beaker for holding the cathode solution ; in this case, of course, 
the lead vessel acts as cathode. Or the cathode solution may be 
placed in the porous cell, and the lead vessel made the anode. 

CONDITIONS. 


C.D 3 to 6 amperes. 

E.M.F 5 to 7 volts. 

Temp should not rise above 20° 


According to the equation, 15 grm. of caffeine requires the passage 
of 8 ‘4 ampere hours of current. 

-b 4H = -b H^O 

It is better to give it slightly more than this in order to ensure 
complete reduction, say 10 ampere hours. 

As soon as the reduction is complete, the cathode fluid is 
diluted with an equal volume of water, and neutralised with slaked 
1 T. B. Baillie and J. Tafel, B&r., 32 , 68. 
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lime, the precipitated calcium, sulphate filtered off and washed 
once with water. The wash water is added to the original solution, 
and the whole evaporated to 60 or 70 c^c. on the water bath. The 
concentrated solution is now extracted several times with chloro- 
form ; the chloroform is then distilled off, when there remains a 
yellowish crystalline residue. This crystalline residue is dissolved 
in a small quantity of lo-per-cent. hydrochloric acid, and the 
solution shaken out with chloroform ; this dissolves out the colour- 
ing matter, and any unchanged caffeine which may have escaped 
reduction. The solution is now made alkaline with caustic alkali, 
and again e^ctracted several times with chloroform. On evapo- 
rating the chloroform the desoxy caffeine is obtained in a very 
pure condition, in the form of colourless crystals. It can be 
further purified by crystallisation from ethyl acetate. The desoxy- 
caffeine so obtained contains r mol of water of crystallisation 
C8Hi2N40,Hy0 ; m.p. 118°. When dried over sulphuric acid in 
vacuo the water of crystallisation is given up, and the m.p. rises 
to 148°. The water-free substance can be distilled undecomposed 
in vacuo. The yield of the pure product is about 70 per cent. 


XXXV. Preparation of EthyI=o=toluidine.' 


Another interesting case of reduction of the carbonyl group is 
the reduction of the acetanilides as, for example, acetanilide, which 
is converted into ethylaniline. 

QH^NH . CO . CH3 4 - 4H = QHsNH . CH^ . -f- H^O 

The acet-toluidines yield ethyl toluidines, thus orthotoluidine 
gives ethyl-0- toluidine. 


CH3 

^NH.CO.CHg 


CH3 

0 NH.CH2.CH3 

+ H2O 


Dissolve 10 grm. of acetyl-o-toluidine in a mixture of 35 c.c. 
concentrated sulphuric acid and 45 c.c. of water This is then 
^ T, B. BaiIHe and J. Tafel, Ber.^ 32, 68. 
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electrolysed in a porous cell as cathode space, with a prepared 
lead electrode. The porous cell is placed in a lead vessel, which 
acts as anode, and is fille^d with ao-per-cent. sulphuric acid. If 
preferred, the cell can be placed in a beaker, and a cylinder of 
lead be employed as anode. The whole apparatus is placed 
in cold water, otherwise considerable heating takes place. A 
current of about 5 amperes is passed; the current density is 
not of great importance, provided the temperature does not rise 
too high— it should not be allowed to rise above 25°. 

QHiiNO + 4 H = + H,0 

10 grra. of acet'toluide requires just over 7 ampere hours for 
complete reduction ; about 8'5 ampere hours of current is passed 
and the electrolysis stopped. 

The cathode solution is diluted with about times its volume 
of water, and allowed to stand overnight. Some unchanged 
acet'toluide crystallises out; this is filtered off, and the filtrate 
rendered alkaline witli caustic alkali, and steam-distilled. In 
order to purify the product, the distillate is made acid, and sodium 
nitrite added a little at a time, the mixture at the same time being 
cooled, to convert the ethyl toluidine into the nitrosamine. The 
oily nitrosamine is then separated from the solution, and reduced 
with tin and hydrochloric acid, by which means it is reconverted 
into the ethyl-o-toluidine, which after making the solution alkaline 
is extracted with ether. The boiling-point of the ethyl-o-toluidine 
is 213"^ to 214“. Yield, about 60 per cent, of the theory. 


XXXVI. Preparation of Piperidine (Hexa= 
hydropyridine). 

Dissolve 20 grm. pyridine in 200 c.c. of lo-per-cent. sulphuric 
acid. Place this solution in a glass electrolysing cell with a lead 
cathode, and a rather smaller anode also of lead. As neither 
pyridine nor piperidine are oxidised to any extent by the anode 
current, it is not necessary to separate the anode and cathode. 
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CONDITIONS. 

C.D 10 to 12 amperes. 

E.M.F 6 to 8 volts. 

Temp Normal ; rises during electrolysis to 

50° or 60° 


When the circuit is first closed there is scarcely any hydrogen gas 
given off at the cathode, almost the whole of it being used up to 
reduce the pyridine to piperidine. 

QH,N + 6H = QHioNH 

But as the electrolysis is continued more and more, gas is given off 
at the cathode until finally the evolution of gas is quite vigorous. 
When rather more than the theoretical amount of current has 
been passed, it is switched off. The solution is then rendered 
alkaline with caustic soda, and steam-distilled. The piperidine 
passes over with tlie steam, which should be vigorously driven into 
the solution, and the distilling flask should also be heated on a sand 
bath. The strongly alkaline distillate, which possesses the peculiar 
and characteristic odour of piperidine, is acidified with hydrochloric 
acid and evaporated to dryness. The solid piperidine hydrochloric 
is then decomposed with a strong solution of caustic potash. If 
the mixture does not separate into two layers, a few small pieces 
of solid caustic potash are added. The upper layer consisting 
of piperidine is then separated, dried with solid caustic potash 
and fractionated. The boiling-point of piperidine is 106'’. 


LITERATVRE 

Ahrens, Zeitf. Elektrochem,, 2 , 577. Merck, D.RP.y 1896, 90308. 



CHAPTER XV. 


OXIDATION OF ORGANIC COMPOUNDS. 

The number of compounds which have been successfully prepared 
by electrolytic oxidation is comparatively small. The chief 
difficulty in oxidising is to stop the reaction at the right point. 
One might suppose this to be a comparatively easy matter, it 
being only necessary to pass the current sufficiently long to 
liberate a given amount of oxygen, and that then the oxidation 
should be complete. For example, if one atom of oxygen is 
required to oxidise a certain substance, then, if 2 faradays or 
96,540 X 2 coulombs of electricity is passed, the oxidation will 
have taken place. But here, as with all oxidations, the reaction 
often proceeds too far ; a portion of the substance only may have 
been attacked, and attacked much too vigorously -in other words, 
burnt up; whereas a portion will have been altogether unacted 
upon. To exactly state what are the conditions necessary for 
successful electrical oxidation is an impossibility ; generally speak- 
ing, it seems important to keep the E.M.F. as low as possible : 
other conditions, hot or cold, acid or alkaline solutions, and so 
forth, will vary with the substance to be oxidised. 


XXXVIl. Preparation of Purpurogallin. 

CjiHgOs 

Dissolve 28 grm, (i oz.) pyrogallol in 500 c.c. of a 15 -per- 
cent. solution of sodium sulphate. Place this solution in a 
rectangular glass jar, which should stand in a basin of cold water. 
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At the two opposite corners of the jar fix two thin pieces of com- 
position pipe, to each of which a piece of copper wire has been 
soldered. Connect these wires together, and join them up with 
the negative pole of the electrical supply. The anode must be of 
platinum, and it is best to have it rotating. If a rotating platinum 
anode is not to be had, then hang two pieces of platinum foil at 
opposite sides of the jar, and vigorously agitate the solution 
by means of a glass or wooden stirrer. The anode surface should 
not be less than i square decimeter, but is better to have double 
that surface. 

CONDITIONS, 


C.D r 5 to 2 amperes. 

E.M.F 4’3 to 4'5 volts. 

Temp Normal. 


With a current of 2 amperes the electrolysis is completed in 6 to 8 
hours. As soon as the current is switched on, the solution 
becomes yellow, and in a short time a yellow or orange yellow 
precipitate of purpurogallin begins to separate out. The solution 
should not be allowed to become hot, otherwise a brown impure 
product is obtained ; it is therefore advisable to stand the electro- 
lysing cell in a basin of cold water. After the electrolysis is 
finished, allow the product to stand overnight, then filter and 
wash with water; finally spread on a porous plate to dry. The 
purpurogallin so obtained is of a bright yellow colour, and is quite 
pure. 

Yield about to grm. It can be crystallised from hot glacial 
acetic acid, from which it separates, on cooling, in dark yellow 
needles or plates. If a very small quantity of purpurogallin 
is shaken up with water containing a drop or two of ammonia or 
caustic alkali, a magnificent blue colour is produced, which 
gradually becomes brown; this reaction only shows in dilute 
solutions. Purpurogallin has well-marked tinctorial properties, 
giving with mordants much the same shades as alizarine. The 
interesting point about purpurogallin is, that in it we have a 
benzene derivative passing by simple oxidation into a derivative 
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of naphthaline. The exact constitutional formula of purpurogallin 
is not at present known. 


LITERATURE. 

A. G. Perkin, Chem. Soc. (1903), 83 , 192 ; A. G. Perkin and 
F. M. Perkin, Chem, Soc. (1904), 85 , 243, 


XXXVIII. Preparation of Iodoform, 

CHI,. 

From Alcohol. 

Dissolve 20 grm. dry sodium carbonate and 20 grm, potas- 
sium iodide in 200 ex. water, then add 50 c.c. of absolute 
alcohol. Methylated spirit which has been purified by distillation 
over caustic soda and lime may be used instead of the absolute 
alcohol. 

Anode.— Sheet platinum. 

Cathode. — Platinum or nickel ; it should be in the form of 
a spiral of stout wire, and the surface should be considerably less 
than the anode surface. 

Heat the solution to a temperature of 60'^ to 70" and then 
electrolyse with an anode current density of i to 3 amperes. The 
beaker employed should be a high one, so that the upper surface 
may help to condense the alcohol, which is otherwise apt to 
volatilise. During the electrolysis a slow stream of carbonic acid 
gas should be conducted through the mixture in order to prevent 
the solution becoming too alkaline, owing to the liberation of 
sodium at the cathode. It is also advantageous to agitate the 
solution vigorously by means of a mechanical stirrer— a rotating 
platinum anode serves this purpose very well. If during the 
electrolysis the solution should become brown, owing to liberation 
of iodine, the passage of the carbonic acid gas must be stopped 
until the brown colour disappears, because the appearance of the 
brown coloration shows that the carbonic acid gas is being 
passed too rapidly. 
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The reaction which takes place is represented by the following 
equation : — 

CH3 . CH2 . OH + lol + H2O = CHI3 + CO, + 7HI 

The hydrogen iodide produced recombines with the liberated 
sodium and potassium at the cathode to reform potassium iodide. 
The iodine shown in the above equation is, of course, obtained 
from the electrolysis of the potass^pm iodide. 

The electrolysis may be allowed to continue for three hours, 
at the end of which time the current is cut off and the solution 
allowed to stand for two or three hours, or better over night, 
when the iodoform is filtered off. The iodoform so obtained 
is in the form of small crystals, and is very pure. The current 
efficiency is between 75 and 80 per cent. 

The solution which is left over may again be employed by 
adding a fresh quantity of alcohol and potassium iodide, so that 
the process can be made practically continuous ; this is, of course, 
important when the operation is conducted on a manufacturing 
scale. 

During the electrolysis, a certain portion of the iodide 
becomes oxidised to iodate. A certain amount of reduction 
of the iodoform always takes place at the cathode, so Elbs sug- 
gests surrounding the cathode with parchment paper; but when 
large quantities of iodoform are required, it is better to employ 
a porous cell for the cathode department. In a continuous 
process, the anode solution may be changed to the cathode after 
each filtration, as the iodate thus becomes reduced to iodide 
again, and is then ready to be again placed in the anode com- 
partment. The disadvantage in using a porous cell is that the 
E.M.F. is slightly raised. 

With Acetone. 

In the equation already given for the production of iodoform 
from alcohol and iodine, it is seen that for every molecule of 
iodoform produced, 10 atoms of iodine is required. With acetone, 
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on the other hand, only 6 atoms of iodine is required to produce 
one molecule of iodoform. 


CH,, 

)CO + 61 + H^O = CHI, + CH, . COOH -f 3HI 

ch/ 

When alcohol is oxidised, i ampere hour will theoretically yield 
I '467 grm. of iodoform ; but with acetone, i ampere hour gives 
2 '444 grm. It follows, therefore, that if acetone can be substi- 
tuted for alcohol, there would be a great saving in the current 
required; furthermore, acetone is cheaper than alcohol When 
a mixture of potassium iodide, sodium carbonate, and acetone is 
electrolysed under the same conditions as those set out above for 
the preparation of iodoform from alcohol, only very small quan- 
tities of iodoform are produced. But it has recently been shown 
by Abbot that fairly good results can be obtained by allowing the 
acetone to run in very slowly during the course of the electrolysis. 
The following method, due to T. E. Teeple, gives extremely good 
results, the yields often being up to 95 per cent, of the theoretical. 
In the commercial chemical process for manufacturing iodoform 
from acetone, according to the method of Suilliot and Ray nan d, 
the production of the iodoform depends upon the formation of 
potassium hypoiodite by the action of a hypochlorite upon potas- 
sium iodide. 

KI + KCIO = KCl + KIO 
3KIO + (CR-ij^CO = CHI3 + CH3COOK + 2KOH 

If now a solution of potassium iodide is electrolysed at ordinary 
temperatures, potassium hypoiodide is produced. 

2KI + 2H3O 2KOH + 2I + 2H 
6KOH + 61 = 3KI + 3KIO + 3H3O 

If acetone is also present, it will react with the hypoiodide in the 
following manner ; — 

3KIO + (CH,)«CO = Cl,. CO. CH, -f 3KOH 
CJ, . CO . CH, + KOH = CHI, + CH, . COOK 
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In order to obtain a good yield of iodoform, it is necessary to 
neutralise the excess of caustic potash formed in the reaction; 
this may either be done by passing in carbonic acid gas, neutralis- 
ing with hydrochloric acid, or, better still, with iodine. 

•2KOH + 2I = KIO + KI + H2O 
3KIO + (CHJaCO ^ CHI3 + Cn,. COOK + 2KOH 

It will be seen that caustic potash is again set free by the further 
electrolysis, and we therefore obtain a continually decreasing 
quantity, + ^ + = It follows, therefore, that the 

necessary quantity of iodine to add is exactly half as much as 
the quantity which the electric current liberates. 

Process. — Dissolve 25 grm, of potassium iodide in 225 to 
250 c.c. water, add 3 c.c. of acetone, and electrolyse with a;platinum 
cathode — a spiral of stout wire — and a platinum anode of from 
I to I square decimeter. It is best to employ a rotating anode, 
or to thoroughly agitate the solution by means of a glass stirrer. 

CONDITIONS. 


C.D I 'S to I ‘75 ampere. 

E.M.F 3*5 to 375 volts. 

Temp Normal. 


The electrolysis may be conducted for about 90 minutes, during 
which time i'56 grm. of iodine is added in small quantities at 
a time, sufficiently quickly to keep the solution just brown in 
colour. After the electrolysis has proceeded for about 45 minutes, 
another 3 c.c. of acetone may be added.’- At the end of 90 
minutes or so the electrolysis is stopped, and the mixture allowed 
to stand for about an hour and a half. After which the iodoform 
is filtered off and washed with a little water. If it is brown in 
colour it should be also washed with small quantities of a dilute 
solution of sodium carbonate. Yield of iodoform, 92 to 94 
per cent 

Instead of adding iodine, a fairly rapid stream of carbonic 
acid gas may be conducted through the electrolyte during the 

* Teeple tmly recommends the addition of 2 c.c. of acetone alt<^ether; the 
author has, however, obtained better results by proceeding as above. 
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first fifty minutes of the electrolysis, after which it is discontinued. 
The solution will probably be very brown in colour, and the 
colour may not have completely disappeared when the current 
is stopped. In about an hour’s time after the current has been 
cut off, the brown colour will probably have completely vanished. 

The iodoform is obtained in the form of a fine crystalline 
powder. It can be obtained in large crystalline plates by crystal- 
lizing from acetone. But the colour of the product keeps better 
when the iodoform is crystallised from alcohol. 

LITERATURE, 

Elbs und Herz, Zeit. f. Elekirochem.,^ 4 , 113; A. Fnevster and 
Meves, Zeit, f Elektrochent.^^ 4 , 268 ; Schering, D.RE.y 29771; 
Howe Abbot, Journ. Physical Chem.y 1903 , 84. Tceple, Journ. 
Amer. Chm. Soc. (1904), XXVI. 170. 


XXXIX. Preparation of Bromoform.' 

Sixty grams of potassium bromide and o'3 grm. of potassium 
chromate is dissolved in 150 c.c. of water, and to the solution is 
added 20 c.c. of acetone. This solution is then placed in a 
beaker capable of holding about 200 c.c. 

The anode should be of sheet platinum, bent cylindrically, 
so that when placed in the beaker it fits almost against the 
walls of the vessel. The active anode surface may be about 
50 sq. cm. — practically only the inner surface of the anode, 
when arranged as here described, will be active. The cathode, 
which is a spiral of stout platinum wire capable of carrying 4 or 
5 amperes without becoming hot, is placed in the centre of the 
beaker, so that it is surrounded by the cylindrical anode. A 
cylinder, such as is used for electro -analytical purposes, serves very 
well as anode. 

In order that the temperature may not rise above to 20° 
the beaker i^s placed in a basin through which cold water is caused 
to circulate during the experiment. A current of about 3 amperes 

• E, Muller and R. Loebe, Zdf, f. Ekkti'ocfmn.y 1904, X-, 409* 
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is passed; the E.M.F. will be about 4 to 4'2 volts. During' the 
electrolysis a rapid stream of carbonic acid gas is conducted 
through the solution. The tube from which the carbonic acid gas 
is delivered should pass to the bottom of the beaker, so that the 
bromoform, as it is formed, may, as well as the solution, be 
agitated. In order to obtain a thorough agitation, the delivery 
tube may consist of a T tube bent twice at right angles, the ends 
of the tube being drawn out into narrow openings. 

After the passage of about 14 ampere hours the current is 
stopped, when the bromoform, strongly coloured with bromine, 
settles to the bottom of the beaker. The mixture is transferred 
to a separating funnel, and separated from the electrolyte. It is 
then shaken up in the separating funnel with a mixture of acetone, 
and sodium carbonate solution. This solution is added in small 
quantities at a time, the addition being continued until the brown 
colour disappears. The brown coloration due to the bromine 
varies very much in intensity in different experiments ; sometimes 
the bromoform is coloured a deep red, at other times it is only 
light brown. The cathode should not be nickel, because the 
liberated bromine acts upon it, and the yield of bromoform is very 
much less than when the cathode is of platinum. There seems 
also a tendency with a nickel cathode for bromo-acetones to be 
produced, and these are extremely irritating to the eyes. 

The bromoform is finally washed with a little water, and its 
volume measured, the weight being obtained by multiplying the 
number of cubic centimeters obtained by 2*9, the sp. gr, of bromo- 
form. So obtained, the bromoform always contains a trace of 
moisture, which causes it to be cloudy. In order to render it 
anhydrous, the bromoform must be dried over calcium chloride, 
and distilled; the b.p. is 151“, and the m.p. 7*6°. 

The reaction which takes place in the formation of bromoform 
may be represented by the equation — 

CH5. CO . CH3 + 6Br + H^O = CHBr, + CH3, COOH + sHBr. 

In flie;-: electrolytic production of bromoform from potassium 
bromide and acetone, potassium hydroxide is produced, and it 
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is to render tliis innoxious that carbonic acid gas is passed through 
the electrolyte. The addition of the potassium chromate is to 
prevent, as far as possible, the reducing action of the hydrogen ; 
the employment of a high cathode density also helps in this 
direction. 


XL. Preparation of Anthraquinone. 

CuHA 

The electrolytic oxidation of anthracine is attended with 
certain difficulties, because anthracine is a solid substance which 
is only very difficultly soluble in organic reagents : the only one 
which can be employed is acetone, but with this solution it is 
not possible to obtain very satisfactory yields of anthraquinone. 
Recourse is therefore had to oxidation of an emulsion of the solid 
anthracine which has been ground to a very fine powder. 

Anthracine is a substance which it is very diffiailt to wet satis- 
factorily, but unless it is thoroughly wetted a good emulsion 
cannot be formed. By dissolving it in acetone or in acetic acid, 
and pouring into water, a good mixture can be obtained. Perhaps, 
however, the best method to adopt is to rub the finely powdered 
anthracine through a wire gauze of very fine mesh with warm 
water ; this is a somewhat tiresome procedure, but it gives very 
satisfactory results. 

If a mixture of anthracine in sulphuric acid or in caustic 
alkali is subjected to the oxidising action of the electric current, 
only a very small amount of oxidation takes place. It is found, 
however, that if an oxygen-carrier is added to the mixture, over 
80 per cent, of the anthracine can be oxidised to anthraquinone. 
Various oxygen- carriers have been suggested, such as manganese 
chromium or cerium salts, all of which give satisfactory results. 

Procedure,— A circular lead vessel is made the anode; it 
should have a capacity of about 1500 c.c. of solution. The cathode, 
which should be capable of very vigorous rotation, is.also of lead, 
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c.g, a lead paddle (p. 198) ; the entire cathode surface should not 
exceed half a square decimeter. 

Mix 20 grm. of anthracine witli water in the manner just 
described, and wash it into the anode vessel ; dilute to 900 c.c., and 
add 100 c.c. concentrated sulphuric acid. The oxygen-carrier is 
now added, and may be 150 grm. chrome alum, 20 grm. potassium 
chromate, roo grm. manganese sulphate, or i'5 grm. ceric 
sulphate. The total exposed anode surface will be from 5 to 6 
square decimeters. 

CONDITIONS. 


C.D I to 2 amperes. 

E.M.F 2*8 to 3*5 volts. 

Temp 75° to 90° 


The cathode must be very rapidly rotated in order that the 
anthracine may be thoroughly incorporated with the solution. 

When an oxygen-carrier is used, there seems very little 
advantage in employing a porous cell to separate the anode and 
cathode, so long as the anode surface is very large in comparison 
to the cathode, h'rorn the equation it will be seen that every 
gram of anthracine requires about i ampere hour to oxidise it to 
anthraquinone, 

CyHio 4- 3 O = CuHsO, -I- H,0 

After the current has been passed for about 22 ampere hours, the 
electrolysis is stopped. Towards the end of the reaction it is 
advisable to cut the current down to about \ ampere per square 
decimeter, and to raise the temperatuce to 100° When a cerium 
salt is used as oxygen-carrier, the end of the operation is known 
by the solution retaining a permanent yellow colour, due to 
unreduced ceric sulphate. 

When cool the mixture is filtered and the anthraquinone 
washed with water untiTthe filtrate is no longer acid. It is tlien 
spread on a porous plate, and when dry may be crystallised from 
toluene or benzene or a mixture of acetone and toluene. Since 
there is still from 10 to 12 per cent of anthracine present, the 
mother Uqucw should be poured off from the anthraquinone, which 
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separates out first, before it is quite cold. One crystallisation, if 
this precaution is taken, is generally sufficient to give a perfectly 
pure product. The anthraquinone is obtained in the form of 
beautiful light yellow silky needles; m.p. 274®. 

It is a rather interesting point, that, although without a 
diaphragm (even when a Small cathode and large anode surface is 
employed), it is only possible to oxidise a comparatively small 
quantity of chromic salt to a chromate. Yet in spite of this it 
makes a very satisfactory oxygen-carrier for oxidising organic 
substances such as anthracine. It is quite likely that the lead 
peroxide produced at the anode may also take part in the 
oxidation. In fact, one very rarely notices any deposit of lead 
peroxide on the anode vessel when the reaction is finished. 

LITERATURE. 

Darmstadter (1897), Z?.A\P., 109,012; Hdclist Farben Fabrik, 
D.R.P. (1898, 103,860) ; Le Blanc, Zeit.f. Elektrochem. (1900), 7 , 292 ; 
and Darstelhmg dcs Chroms., A. Fontana and F. M. Perkin, Electro- 
chemist {19Q4i), III. 656. 


PREPARATION OF DYES. 

XU. Preparation of Canarine,' 

QH3HS, 

When potassium or ammonium thiocyanate is electrolytically 
oxidised in presence of hydrochloric acid, a yellow precipitate 
called canarine is produced, die constitution of which has not yet 
been determined, but which has had the formula C3H3HS3 assigned 
to it This substance, which is insoluble in acids and in the 
ordinary organic solvents, dissolves in alkdli carbonates and 
hydroxides and in borax solution. Silk and wool, when immersed 

1 Prochoroff und Miiller, Dingleds Journal, 263 , 130 j Markognikoff, 
/ourn. Russian, Cketn. 188^, 380 } Lindow, /<y.,4884, 271 ; references 
in Rer., 17, R. 279 and 522 ; and Rer., 18 , R. 676. \ 
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in solutions of (Canarine, are dyed a yellow, the intensity of the 
colour depending upon the amount of canarine in the solution. 
When cotton goods are impregnated with this dye, it acts as a 
mordant toward basic colouring matters. 

Preparation. — Dissolve 50 grm. ^ammonium or potassium 
thiocyanate in about 300 to 400 c.c. of distilled water. Transfer 
this solution to a narrow beaker, fitted with a cork through which 
passes a glass stirrer (Fig 62). On either side of the glass stirrer 
is hung an electrode of sheet platinum, about | square decimeter 



in surface, and on the other two sides spirals of platinum wire, 
one of which is shown in the diagram (diameter about 075 to 
I mm.). The two larger electrodes act as anodes and the smaller 
electrodes as cathodes. Before commencing the electrolysis, the 
solution is heated to 75'^ or 80°, and then 20 c.c. of strong hydro- 
chloric acid run in by means of a thistle funnel, which passes 
through a hole in the cork ; the current is then switched on. 
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CONDITIONS. 


C.D. 5 to 6 amperes. 

E.M.F 3’0 to 3*5 volts. 

Temp 80® 


The best form of glass stirrer to use is that described by 
W. Lob ; ^ this form of stirrer is exceedingly efficient, and never 
wobbles.* Fig. 62 shows the arrangement of the cell. If the 
cell is not kept enclosed during the course of the electrolysis, the 
vapours which come off are extremely unpleasant and poisonous, 
and produce headache. A tube, not shown in the diagram, 
passes- through the cork, so that the gas evolved can be led off or 
collected, as may be desired. Shortly after the electrolysis has 
commenced, a light yellow precipitate commences to fall out, and 
the mixture assumes a uniform yellow tint. After the current has 
been passed for about four hours, the electrolysis is stopped. 
The mixture is allowed to stand until cold, and then filtered off. 
The canary yellow precipitate is washed several times with warm 
water, and then spread upon a porous plate, in order to remove 
the last traces of moisture. Yield about 5 grm. 


Azo-Compounds. 

W. Lob^ finds that, when an amine, a nitrite, and a coupling 
substance, such as a phenol, are mixed together, and subjected 
to electrolysis in the anode compartment, azo'colouring matters 
are produced. It must be presumed that a diazo-compound is 
first formed by the action of the NO2 ions at the moment of 
their liberation, for which we may write the equation — 

R . N Ha + N O2' R . N = N . OH + OH' 

The main difficulty in the reaction is the unstable character of the 
diazo-compound under the influence of the electric current. It 
is therefore necessary to have the coupling agent present from the 

‘ Zeit.f. Elektmhm.fi t 1 17 (t9oo}' 

* When it is desired to keep the electrolytic cell absolutely gas-tight, then 
the vessel A is partially filled with mercury, as shown in the figure. 

? Zeitf. ElelitrocUm., 1904, X. 237 ; 761, 3'0, 1 » 04 . ^ 



274 Practical Electro- Chemistry. 

very commencement, so that the azo-compound is formed. By 
this means it is precipitated, or, if not precipitated, converted into 
the more stable substance, and thus removed from the further 
action of the electric current. 

An amine cannot be employed as coupling or fixing agent, 
because the amine itself will react with^he discharged NOg ions. 
Lob finds, however, that phenols may be very satisfactorily 
employed. The sodium nitrite, amine, and^a phenol are mixed 
together, and electrolysed in the anode Compartment with a 
platinum electrode. It is necessary to vigorously agitate the 
solution. 


XLIl. Preparation of Orange II. 

(Tropaolin 000 No. I.) 

/8. Naphthol-azobenzenemonosulphonate. 

HS 03 .C«H 4 .N = N.CioHb.OH 

Add X9*5 grm. of the sodium salt of sulphanilic acid (p>amido- 
benzene sulphonic acid), 14*4 grm. of naphthol, and 6*9 grm. 
sodium nitrite' 10150 c.c. of water. Place this mixture in the anode 
compartment, which may consist of a beaker or a rectangular 
battery jar. 

The cathode compartment should consist of rivo small porous 
cells, of such a size that either a platinum or glass stirrer can be 
rotated between them. The cathode solution may consist of lo- 
per-cent caustic soda. 

The cathode should be either nickel or platinum wire — the 
anode either a stirrer of platinum or a sheet of platinum; in the 
latter case a 'glass stirrer (Fig. 62, p. 272) must be employed, 
because, as the substances used are not all soluble in water, it is 
essential to have a very thorough agitation of the mixture. The 
whole apparatus is placed in a basin through which cold water is 

‘ It is necessary to first test the quality of the sodium nitrite, because the 
ordinary product is rarely pure. The above numbers refer to the loo-per-cent. 
product 
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passed — it is, in fact, an advantage to surround the electrolysing 
apparatus with ice. 

If the anode mixture is placed in a porous cell, the outer cell 
acting as cathode, there is considerable difficulty in keeping the 
temperature of the mixture 
sufficiently low. When larger 
quantities than the above are 
prepared, the apparatus de- 
picted in Fig. 63 may be 
employed. 

The apparatus consists of 
a rectangular battery jar, on 
cither side of which is placed 
a porous cell, containing the 
cathode solution. The anode 
consists of a platinum rotator, 
and, in order to increase the anode surface, a sheet of platinum 
is fixed at the bottom of the vessel, as shown in the figure. Or 
two sheets of platinum may be hung about i c.m. from each side 
of the cathode cells, and a glass stirrer can be employed. The 
whole apparatus is placed in a vessel of cold water, to which ice 
is added in order to maintain as low a temperature as possible. 

CONDITIONS. 

C.D 8 to 12 amperes. 

E.M.K iSlo 15 volts. 

As the sodium nitrite gets used up in the reaction, the E.M.F, is 
inclined to rise. Therefore Lob recommends the employment of 
sodium nitrate as the cathode solution \ the only drawback to this 
is that, as the electrolysis proceeds, the anode solution gets acid 
from the migration of the NO3 ions. This can be prevented by 
occasional addition of small quantities of dilute caustic soda. 

In order to complete the reaction, about twice the theoretical 
amount of current should be passed. 

If during the electrolysis frothing takes place, it can be 
prevented by adding a few cubic centimeters of dilute caustic soda,* 
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When the electrolysis is carried out at a temperature of 
a considerable quantity of the colouring matter crystallises out, 
which can be filtered off; it usually contains, however, small 
amounts of naphthol, for this reason it is advisable to add 
sufficient water to dissolve all the orange II. and filter from the 
unchanged naphthol. Excess of alkali must not be present, 
otherwise the / 3 . naphthol will also dissolve. 

The colouring matter can be obtained from this solution by 
evaporating to dryness on the water bath and extracting with 
alcohol. On evaporating off the alcohol the orange is obtained 
as a dark yellow powder. Or the colouring matter may be precipi- 
tated in the form of its insoluble barium salt by the addition of 
barium chloride, 'fhe barium salt forms a yellow powdery 
precipitate, which can he filtered off and washed with water. 
Again, the colouring matter may be salted out by addition of 
excess of sodium chloride. 

On a technical scale the colouring matter can be estimated by 
making direct quantitative dyeing experiments with the anode 
solution. Orange II. dyes wool and silk a brilliant yellow. 

By using a. naphthol as coupling substance instead of 
jff. naphthol, Orange I. or Tropaolin 000 No. II, is produced. 

XLIll. Preparation of Dianisidine Blue.^ 

CHsO.CeHsN = N - QoHeOH 

I 

CHgO.CeHaN^N-CioHeOH 

24*4 grm. dianisidine, 28*8 grm. )8. naphthol and 13*8 grm. of 
sodium nitrite are mixed with 250 c.c. water, and placed in the 
anode cell, and treated in exactly the same manner as that 
described in the preceding preparation, the C.D. and all the other 
particulars being similar. 

During the electrolysis the dianisidine blue precipitates com- 
pletely out. It is purified by dissolving it in caustic alkali, 

* The particulars of the electrolytic preparation of aao-colouring matters 
•were kindly communicated to me by Dr. Lob, to whom my thanks are due. 
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precipitating with dilute sulphuric or hydrochloric add, and 
washing with water. 

The reaction may be expressed by the following equation, in 
which the action of the NO^' anions is represented as producing 
the diazo-compound upon acting upon the dianisidine (dimethoxy- 
benzidine). 

CH3O . C,H3NH,+ NO3' CH ,0 , QH3 . N = N . OH + OH' 

I — > ! 

CH3O . CjHsNHj+ NO/ CH3O . C„Hs . N = N . OH + OH' 


The diazodianisidine in presence of naphlhol couples up with 
this, and forms the dianisidine blue. 

CH ,0 . QH3 . N = N . OH + CioH,OH - 
CH3O . CeH*. N = N . OH + C10H7OH 


CH30.CfiH3.N = N.CioH30H 

1 

CH3O.QH3 N^N.QoHgOH 


A similar reaction applies in the case of the preparation of orange 

II. 

Other azo-colouring matters can be prepared in a similar 
manner.^ For example,— 


Ponceau 2. G, bcnzene-azO'2-naphthol-3 : 6 disulphonic acid. 

XS 0 ,U( 6 ) 

CeH, - N = N - QoH,-S03H(3) 

\0H(2) 

The anode bath in this case consists of to parts by weight of 
aniline, 327 parts of /8. naphthol disulphonic acid (R. acid), and 
9" I parts of potassium nitrite. 

/S03Na(a) 

QH 4 -N = N CioH,/ 


Congo red. 




C.H,-N = N - CioHs/ 


NH,(«) 

, NHjW 
SO,H{a) 


‘ D . R - P ; 761,310, 1904 . 
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This substance can be prepared by electrolysing, in the anode 
compartment, 10 parts of benzidine, 33 parts of the sodium salt 
of naphthionic acid (i, 4 Naphtylamine sulphonic acid), and 
9'3 parts potassium nitrite. The bath being kept at a temperature 
of 60^^ to 9 o'’. During the electrolysis the^ bath should not be 
allowed to become acid, therefore the cathode solution should 
consist of 10-15 caustic soda. 


OXIDATION OP BENZENE DERIVATIVES. 

When toluene, the xylenes, or the mesitylenes are oxidised 
with platinum electrodes — to a less extent with peroxidised lead 
electrodes— the methyl group, or one of tlie methyl groups, is 
oxidised to the aldehyde group. This oxidation to aldehyde, 
uc. the second stage of oxidation, is unusual, most oxidising 
agents carrying the oxidation a stage further to produce the 
carboxyl group. The influence of the position of the methyl 
groups to each other is also of interest, for whereas with toluene, 
generally speaking, the yield of benzaldehyde is not more than 
13 to 14 per cent., with ortho- and para-xylene between 30 and 35 
per cent, of the corresponding mono-aldehydes can be obtained. 
With meta-xylene, however, the yield is very poor, rarely exceeding 
10 or 15 per cent., and it may often be less. 

The influence of a negative group is also very strikmg ; it is 
a well-known fact tliat ordinary oxidising agents have very little 
action upon the methyl group in the cresols, the negative hydroxyl 
exerting a protective action. With electrolytic oxidation a similar 
difficulty is met. The electrolytic oxidation of the nitro toluenes 
is also of interest when these substances are oxidised under similar 
conditions to those which yield benzaldehyde or the toluene 
aldehydes, only a very small quantity of the nitroaldehyde is pro- 
duced, the hulk of the substance being unacted upon. Elbs ^ and 
Pierron^ have found that when para- and ortho-nitrotoluene are 
dissolved in acetic acid and subjected to electrolytic oxidation, 

* Zdt.f. Elektrechem.^ 2, 523. 

* Bull. See. Chetn,, 26, 853. 
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the chief product is the corresponding nitrobenzyl alcohol. 
Pierron, loc. cit.^ has further found that with meta-nitrotolueue the 
aldehyde is produced. 


XLIV. Preparation of Benzaldehyde. 

For the preparation of benzaldehyde an apparatus with a 
stirrer, similar to that employed for the preparation of canarine 
(p. 272, Fig. 62), should be used. When this apparatus is employed, 
it is not necessary to use a diaphragm or porous cell to separate 
the anode from the cathode, because the anodes are so much 
larger than the cathode. Under these circumstances the cathodic 
hydrogen exerts very little reducing action, The anode surface 
should be from i to 2 square decimeters in areaj the cathode, 
about 2 to 4 square centimeters. 

Process. — Weigh out 50 grm. of toluene into the electro- 
lysing cell, and add 200 c.c, of lo-per-cent. sulphuric acid and 
250 to 300 c.c. of acetone. Stand the cell in a basin through 
which cold water can be circulated, and connect up the electrodes. 


CONDITIONS. 

C.D r5 to 2 amperes. 

E.M.F. , 5 to 6 volts. 

Temp Not above 20 '' 


The stirring must be sufficiently vigorous to keep the mixture 
in a thorough emulsion. From the equation it is seen that 

QH,. CH, + 20 = CA. CHO + H ,0 

5 grm. of toluene requires the passage of about 58 ampere hours. 
In order to make sure that the toluene is all oxidised, about 65 
ampere hours of current should be passed, but a large excess of 
current is not advisable. 

When the electrolysis is finished, the mixture is transferred to 
a flask, the excess of acid neutralised with sodium carbonate 
(the solution must not be made strongly alkaline), and the 
acetone distilled off. The residue is then steam-distilled, when 
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the benzaldehyde and any unchanged toluene passes over, a con- 
considerable quantity of a resinous substance remaining behind 
in the flask. In order to purify the benzaldehyde, and separate 
it from unchanged toluene, the distillate is extracted with ether 
and shaken up with sodium hydrogen sulphite. After allowing to 
stand overnight, the bisulphite compound is filtered off, washed 
with alcohol and ether, and placed in a flask. A little dilute 
caustic soda solution is added, after which it is steam-distilled. 
On extracting the distillate with ether, drying over calcium 
chloride, and distilling off the ether, the benzaldehyde is obtained 
in the pure condition. Yield, 7 to 8 grm. 

The ethereal solution obtained when the bisulphite compound 
is filtered off, contains a small quantity of a neutral substance 
which may either be benzyl alcohol or a condensation product of 
partially oxidised toulene. 

The oxidation of ortho- or para-xylene gives very good results; 
but owing to the expense of these substances, the oxidation of 
toluene has jjeen given. The method of procedure with the 
xylenes is exactly the same as with toluene. 

LITERATURE, 

Renard, Compt. Rendus, 91, 175 ; Merzbacher and Smith, Amer. 
Ckem. Soc.^ 22, 723 ; K. Puls, Chetn, /.eitung^ 25, 263 ; H, D. Law 
and F. M. Perkin, Trans. Faraday Society, 1904, 31, 

XLV. Preparation of Para=nitrobenzyl 
Alcohol. 

A porous cell is used as anode compartment, and in this is 
placed an anode of sheet platinum or of platinum gauze. The 
anode solution consists of 80 c.c. glacial acetic acid, 8 c.c. con- 
centrated sulphuric acid, and 15 grm. of para-nitrotoluene. 

I’he porous cell is placed in a beaker and surrounded with 
a cylindrical cathode of sheet lead, the electrolyte being sulphuric 
acid, 1*6 to 17 sp. gr. The whole apparatus must stand in a 
water bath, which is kept at boiling temperature during the 
electrolysis. 
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CONDITIONS. 

C.D I to 1*5 ampere. 

E.M.F 4 to 4‘5 volts. 

It will be noticed that during the electrolysis very little 
hydrogen is evolved at the cathode, because it is mainly required 
to reduce the strong sulphuric acid which forms the electrolyte, 
and, as a consequence, sulphur separates out. Three times as ' 
much current must be passed into the mixture as is theoretically 
required. 

At the end of the operation the mixture is steam-distilled, by 
wliich means unclianged para-nitrotoluene is driven over ; a small 
portion of the p-nitrobenzyl alcohol also passes over. The oily 

content of the flask is now filtered, while still hot, through a wet 

double filter paper ; by this means the main portion of a resinous 
material remains behind; this is then twice washed with hot 
water and the washings added to the filtrate. 

On cooling, crude p-nitrobenzyl alcohol crystallises out in 
long dirty yellow needles ; these are filtered off, and the mother 
liquor shaken out with ether. The ethereal solution contains a 
mixture of p-nitrobenzyl alcohol and p-nitrobenzyl acetic ester 
(CH3 . CO . OCH^ . CeHiNO^). The ether is distilled off, and the 
residue extracted with small quantities of alcohol. The alcoholic 
extract contains only the p-nitrobenzyl alcohol 

The crystals and the product from the alcohol are then mixed 
together and purified by boiling with water and animal charcoal ; 
on filtration the pure product crystallises out. Yield, 35 to 40 
per cent, 



Preparation of Some of the Reagents and 
Materials. 

Solution of Sodium Monosulphide, NaaS.—Dissolve 
sufficient sodium hydroxide— purified from alcohol— in water, to 
form a solution of sp. gr, i’24to i'26. Saturate the solution with 
sulphuretted hydrogen. In spite of the sodium hydroxide being 
purified, there is generally more or less precipitate produced ; filter 
this off. Now evaporate the solution down in a porcelain basin 
placed on a sand bath, until about one quarter of it has evaporated 
away. The solution should be poured into bottles while still hot, 
and the bottles closed with rubber stoppers. Glass stoppers arc 
liable to become fixed and immovable. 

Ammonium Borate and Ammonia.— Dissolve 35 gnn. 
of ammonium borate ki 700 c.c. of water — it may be necessary to 
warm the mixture; and when cool add 300 c.c. of ammonium 
hydrate, sp. gr. o-88. This solution is used in the analysis of 
nickel and cobalt (pp. 95 and 98). 

Cobalt Ammonium Sulphate.— Dissolve equi-molecular 
proportions of cobalt and of ammonium sulphate in separate 
quantities of hot water ; the solutions should be made nearly 
saturated. Mix tlifi two solutions while still hot, and place in a 
beaker surrounded with cold water. While the solution is cooling, 
it should be vigorously stirred with a glass rod. The cobalt 
double salt separates out in the form of a fine pink crystalline 
powder. When quite cold, filter off, wash with a small quantity of 
cold water, and spread on a plate to dry. The salt so obtained is 
quite pure, and does not require further purification. 

Other double salts can be prepared in a similar manner. 
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Solution for Copper Coulommeter, and for Proof of 
Faraday s Law. Oettel recommends the following solution as 
being the most satisfactory for the coulommeter. 

150 grm. crystallised copper sulphate. 

50 ,, sulphuric acid (cone.) 

50 ,, alcohol. 

I litre distilled water. 

„ /COOCH5 

Potassium Ethyl Malonate, CH/ 

^COOK 

—Add 160 grm. diethyl malonate to 130 c.c. alcohol, and to 
this solution add a concentrated alcoholic solution of 56 grm. 
potassium hydroxide.^ This is half the quantity of potassium 
hydroxide necessary to hydrolyse the two ethyl groups 

/COOQHg /COOK 

CH/ + KOH = CH + C.H,OH 

^COOQHs ^cooc,n, 

The mixture becomes warm, and the potassium salt is precipi- 
tated out, a semi-solid mass being obtained. Allow it to stand 
for three or four hours, and then evaporate nearly to dryness on 
the water bath, at the same time passing a rapid stream of carbonic 
acid gas through the mass. 

Now take up with just sufficient water to dissolve the solid 
substance, and if any unchanged diethyl malonate separates out, 
extract with a little ether, otherwise reduce again by. evaporation 
to about one-third of its bulk. This mixture may now without 
further treatment be employed for electrolysis, in the preparation 
of diethyl succinate (p. 231). 

CHa - COOC^Hs 

Potassium Ethyl Succinate, | 

CHs - COOK 

—Treat 174 grm. diethyl succinate, dissolved in 150 c.c, alcohol, 

^ This quantity assumes the potassiua^ hydroxide to contain 100 per cent. 
KOH. If this is not the case, of course correspondingly larger quantities must 
he taken. 
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with a concentrated alcoholic solution of 56 grm. potassium' 
hydroxide, exactly as described above in the preparation of 
potassium ethyl malonatc. The concentrated solution of potassium 
ethyl succinate obtained at the end of the process may be 
employed, without further treatment, to prepare diethyl adipic 
acid (p. 231). 

/CH, 

Acet-toluide, CgH/ 

\NH.CO.CH, 

—Take 50 grm. of ortho-, para-, or meta-toluidine, and add to the 
toluidine about twice the theoretical quantity of glacial acetic acid 
to convert it into the acetyl compound 

C6H4(CH3)NH, + CH, . COOH 

= CfiH4(CH3)NH . CO . CHa + H3O 

The mixture is contained in a flask, to which is fitted a long tube to 
act as a reflux condenser, placed on a sand bath, and heated to 
gentle boiling for from twelve to fifteen hours. It is then, while 
still hot, poured into cold water, and the more or less oily mixture 
allowed to stand overnight. It will by this time have solidified to a 
colourless or pinkish solid ; this is filtered off, and washed with 
water until free from acetic acid. In order to further purify it, the 
acet-toluide may be recrystallised from alcohol. 


NOTE TO P. 104, 

Further experiment shows that the remarks made on page 104, in which the 
use of a gold electrode for the analysis of mercury is recommended, require to be 
modified. The first few results obtained with a gold electrode gave very fair 
results. Extended work, however, shows that the results obtained when this elec- 
trode is used are almost invariably from i to 2 per cent, too high. It has not up 
to the present been found possible to assign a reason for the abnormality, but the 
subject is still under investigation. 

On the other hand, it has been found that the mercury adheres to a well- 
roughened (sand-blasted) flag-electrode, .not in the form of globules, as is usually 
the case with a basin electrode, but in the form of a homogeneous amalgam, 
which may be washed with alcohol without in any way detracting from the 
accuracy of the results. The electrode amalgamates better after it has been used 
a few times. It is essential that it should be sand-blasted on the gauze as well as 
on the rim. 



Some Useful Data. 

When a current of r ampere intensity has passed through an 
electrolyte for i hour, 3600 coulombs of electricity have passed 
through the electrolyte. 

A current of electricity of i ampere passing for 26*65 hours 
(in round numbers 27 hours) is equivalent to 96,540 coulombs 
or I faraday of electricity. 

Twenty-seven ampere hours, u. a current of electricity of i 
ampere of intensity passing for 27 hours, will liberate the 
hydrogen equivalent of an element, e.g. t grm. of hydrogen, 8 
grm, of oxygen, or 107*9 g™- silver. 


I foot .... 

= 30‘47 cm. 

I inch. . . . 

= 2*54 cm. 

I inch .... 

= 25*40 mm. 

I metre . . . 

= 39-37 inches. 

I metre . . . 

= 3'28 feet. 

I lb. (avoirdupois) 

= 7000 grains = 453*6 grin. 

I kilogram . . 

= 2*205 

I ounce . . . 

= 28*35 g™' 

I gram . . . 

= I5‘43 g™ns. 

I grain . . . 

= 0*0648 grm. 


I cubic foot of water at 62° F, (i6’6'’ C.) weighs 62*24 lbs. 

I cubic foot of water = 6*24 gals. 

I cwt. of water = i‘8 cubic feet = ii‘2 gals. 

I ton of water = 35*9 cubic foot = 224 gals. 

I gallon = 0T604 cubic foot = 10 lbs. water at 62‘’F. - 4*536 
litres. 
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I fluid ounce = 28'38 c.c. 

I cubic foot of air at o'* C. and 760 mm, pressure, weighs 
0*0807 lb, 

I cubic foot of hydrogen at 0° C. and 760 mm. pressure, weighs 
0-00559 ib, 

I atmosphere pressure = 14*7 lbs. per square inch =2116 lbs. 
per square foot = 760 mm, of mercury = 10® dynes 
per square centimeter (approximately). 

A column of water 2*3 feet high corresponds to a pressure of 
I lb. per square inch. 

I foot-pound = 1*3562 X 10’ ergs. 

I horse-power hour = 33000 x 60 foot-pounds. 

I horse-power = 33000 foot-pounds per minute = 746 watts (see 
p. 29). 

I kilowatt =1*36 horse-power (see p, 29). 

I watt = I volt-ampere second (see p. 28). 

I kilowatt = 1000 watt hours, 
volts X amperes = watts. 

3'I4i6, 
o'3i83. 

9*8696. 

The following formulse will be found useful in calculating 
electrode surfaces : — 

Area of a circle . . ~ ttP; or^ (diameter)® x 0*7854. 

Volume of a cylinder . = irf^L. 

Surface of a sphere . = 4 

Volume of a sphere . = 1 7r;-l 

Circumference of a circle = diam. x tt or r X 2^-.. 
Diameter X 0 88623 ■ side of an equal square. 

Diameter x 0*7071 . = side of an inscribed square. 

Circumference x 0*3183 = diameter. 
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Relation between Centigrade and Fahrenheit thermometric 
scales ; — 

To find F.'’ = I C -f 32 
To find C.® = (F - 32) f 

I litre of hydrogen at o° C. and 760 mm. pressure, weighs 
0-0896 grm. (0-09 approx.); this weight is called the 
crith. 

The weight of i litre of any gas at N.T.P. is obtained by raulti- 
_ plying the density of the gas by the crith (0-0896 grm.). 
11-2 litres of hydrogen at N.T.P. weigh i grm. 


A gas expands 0-003665 (.3)3) of its volume for every degree 
through which it is heated. 

The following formula is employed for calculating the volume 
of gas 


V p 

Z'O = 1 ^ 77-, X 

1+0003665/ 760 

where is the volume at standard pressure, and v the volume of 
gas measured at pressure or by employing fractions 
_ V Xp X 273 
^^“760 X (273 + /) 


NOTE TO CURVE, FIG. 64 (NEXT PAGE). 

Attention has been called in several places in this book to the importance of 
knowing the electrode surface. The curve on the next page gives a ready way of 
finding both the area and the volume, and from the volume the weight of a wire 
electrode, the latter of which may be useful in purchasing platinum. The two 
following examples illustrate the manner of using the curve, 

I. To find tlie area of the surface of a platlium wire 1*26 mm. 
diameter and 30 cm. long ; — 

Find the approximate position of the point 1 ’26 on the left vertical line, from 
this trace the imaginary horizontal line through the point i ’26 until it intersects 
the “area" line, and through the point of intersection trace a vertical line dowtt- 
wards and read its value on the hattotn horizontal line. This is 0-395. fbis number 
repre^nts the area of the surface of r cm. length of the wire in sq. era. The total 
area is therefore 0-395 30 = 11*86 sq. cm. 

II. To find the volume of the same wire 

Find the approximate position of the point 1*26 on the left vertical numbered 
line. Through this point follow an imaginary horizontal line until it intersects the 
“ volume " curve, and through the point of intersection trace a vertical \\nt upwards 
and read its value on the top horizontal line. This is 0*0125. This number is the 
volume of I cm. length of the wire, and the total volume of the wire, therefore, is 

0*0125X30=0-375 C.C. 

The weight of this quantity of metal is found by multiplying theyolume by 
the sp. gr, of the metal. R.§., if the wire is platinum, the sp. gr, of which is 21-5, 
then the weight of the wire is 0*3750 X 21-5 = 8*06 grm. 




TABLE IX. 

International Table of Atomic Weights, 




0= i6 

H = i 

Aluminium . 

A1 

27' I 

26*9 

Antimony . 

Sb 

1 20' 2 

1 19-3 

Argon . . . 

A 

39'9 

39-6 

Arsenic . - 

As 

75 -0 

74'4 

Barium . . 

Ba 

137-4 

i3b-4 

Bisraulh . . 

Bi 

208-5 

206-9 

Boron . . . 

B 

ii-o 

10*9 

Bromine . . 

Br 

79-96 

79-36 

Cadmium 

Cd 

112*4 

iii'6 

Caesium . , 

Cs 

133-0 

132-0 

Calcium , . 

Ca 

40'i 

39-8 

Carbon . . 

C 

12-0 

u-91 

Cerium . . 

Ce 

140-0 

139-0 

Chlorine . . 

Cl 

35’45 

3 S'i 8 

Chromium . 

Cr 

52-1 

517 

Cobalt . . 

Co 

59-0 

58-56 

Columbium 




(Niobium ) .Cb[Nb]94’0 

93-3 

Copper . . 

Cu 

63-6 

63-1 

Erbium . 

E 

i66’o 

164-8 

Fluorine . 

F 

19*0 

18-9 

Gadolinium 

Gd 

156-0 

155 ‘0 

Gallium . 

Ga 

70-0 

69-5 

Germanium 

Ge 

72-5 

71-9 

Glucinum 




(Beryllium) Gl[Be]9‘i 

9-03 

Gold . . . 

, Au 

197-2 

^957 

Helium . , 

, He 

4-0 

4'o 

Hydrogen 

, H 

1-008 

I'OOO 

Indium . , 

. In 

115*0 

114-1 

Iodine . . 

. I 

126-97 

126-01 

Iridium . 

. Ir 

193-0 

191-5 

Iron . . 

. Fe 

55‘9 

55-s 

Krypton . 

. K 

81-8 

81-2 

1 .antbanum 

. La 

138-9 

*37*9 

Lead . J , 

, Pb 

206 '9 

- 205-35 

Lithium . 

. Li 

7-03 

6-98 

Magnesium 

. Mg 

24-36 

24-18 

Manganese 

. Mn 

55'o 

546 

Mercury . 

• Hg 

200‘0 

198-5 

Molybdenum 

Mo 

96*0 

9S’3 



0 = i6 

H = r 

Neodymium 

Nd 

143*6 

142*5 

Neon . . 

Ne 

20 0 

19-9 

Nickel 

Ni 

58-7 

58-3 

Nitrogen . 

N 

14-04 

i3'93 

Osmium . 

Os 

191-0 

189-6 

Oxygen . 

0 

i6'o 

15-88 

Palladium 

Pd 

106-5 

105-7 

Phosphorus 

P 

310 

30-77 

Platinum . 

Pt 

194-8 

193*3 

Potassium 

K 

39-15 

38-86 

Praseody- 

Pr 

140- 5 

139*4 

mium 




Radium . 

Ra 

225-0 

2233 

Rhodium . 

Rh 

103-0 

102 '2 

Rubidium 

Rb 

85-5 

84-9 

Ruthenium 

Ru 

101-7 

ioo'9 

Samarium 

Sm 

150-3 

149-2 

Scandiuiu 

Sc 

44-1 

43-8 

Selenium . 

, Se 

79-2 

78-6 

Silicon 

. Si 

28-4 

28-2 

Silver . . ' 

• Ag 

107-93 

10712 

Sodium . 

. Na 

23-05 

22-88 

Strontium 

. Sr 

87-6 

86 '94 

Sulphur . 

. S 

32-06, 

31-83 

Tantalum 

. Ta 

183-0 

i8r6 

Tellurium 

. Te 

127-6 

i26’6 

Terbium . 

. Tb 

160-0 

158-8 

Thallium . 

. T1 

204-1 

202-6 

Thorium . 

. Th 

232-5 

230-8 

Thulium . 

. Tm 

ryro 

1697 

Tin . . 

. Sn 

1 19-0 

iiS-i 

Titanium . 

. Ti 

48-1 

47-7 

Tungsten . 

. W 

184-Q 

i82'6 

Uraniuni , 

. U 

238-5 

236-7 

! Vanadium 

. V 

51-2 

50-8 

Xenon 

. X 

128-0 

127-0 

Ytterbium 

. Yb 

173*0 

171*7 

Yttrium - 

. Yt 

89-0 

88-3 

Zinc < ■ 

. Zn 

65-4 

64*9 

Zirconium 

. Zr 

90' 6 

89-9 
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TABLE X. 

Theoretical Percentage of the Metallic 
Elements in Some Metallic Compounds. 


Compound. 

Formula. 

Percentage of 
Metal. 

Ammoniti-stanni chloride . . , 

SnCl^, 2NH4CI 

32'36 

Sn 

Ainmonium aui^hloricle .... 

(NH,)AuC1,p3HjO 

47-98 

Au 

Aminonlum molybdate .... 

(NH,),Mo,0,„4H20 

54-36 

Mo 

Ammonium platiiii chloride . . . 

(NH,)2PtC]« 

4392 

Pt 

Anlimonious oxide 

Sb^O, 

71-34 

Sb 

Antimony tetroxide 

SbsO, 

78-84 

Sb 

Anlitnonyl potassium tartrate (tartar 

C,H,08K(Sb0),JH20 

36-16 

Sb 

emetic) 




Bismuth nitrate 

Bi{N03),.5H*0 

43*03 

Bi 

Bismuth oxide 

Bij04 

86-69 

Bi 

Cadmium sulphate 

CdSO^^H^O 

39-94 

Cd 

Cadmium sulphate 

SCdSO^, SIIjO 

42-77 

Cd 

Cobalt ammonium sulphate . . , 

(NPU),SO..CoS 04.6H.O 

14-94 

Co 

Cobalt chloride 

CqC15,6H,0 

24-80 

Co 

Cobalt potassium sulphate - . . 

KjSO^.CoSO^.bHjO 

13-49 

Co 

Cobalt sulphate 

CoSO^jH^O 

20-99 

Co 

Copper chloride 

CuCk,2HjO 

37-17 

Cu 

Copper sulphate 

CuS04,5H,0 

25-33 

Cu 

Ferrous ammonium sulphate . . . 

(NH4)3S04,FeS04,6U5j0 

14-28 

Fe 

Ferrous sulphate 

FeS04,7Hs0 

2I-18 

Fe 

Iron alum (ammonium) .... 

NH,Fe(S04),.i2H30 ' 

11-62 

Fe 

Iron alum (potassium) 

KFe{SO,)2,uH20 

ini 

Fe 

Lead nitrate 

1 PMNOJ, 

62-52 

Pb, 


1 

72*21 

PbO, 

Manganese chloride I 

. MnCl,, 411,0 

27-79 

Mn 

Manganese sulphate 

! MnS04jH20 ' 

19-85 

Mn 

Mercuric chloride 

1 HgCl, 

73-82 

Hg 

Mercurous chloride j 

HgCl 1 

84-90 

Hg 

Molybdenum oxide (Molybdic acid) ' 

,■ MoO, 1 

54-84 

Mo 

Nickel ammonium sulphate . . . 

|{NH4),S04,NiS04,6H,0 

14-87 

Ni 

Nickel chloride 1 

NiClj.dHsO 1 

24-70 

Ni 

Nickel sulphate 

NLS04,7H,0 I 

20-90 

Ni 

Nickel potassium sulphate . . . 

KjS04,NiS04,6H,0 

I3'43 

Ni 

Potassium auri chloride . . . . ^ 

i KAuCl4,3H,0 

45-65 

Au 

Potassium permanganate . . . 

KMn04 

37-77 

Mn 

Potassium platini chloride . . . 

KaPtCI* 1 

39*93 

Pt 

Silver nitrate 

AgNOa 

63-51 

Ag 

Stannous chloride 

SnCl2,2HgO 

41-84 

Sn 

Uranium oxide 

U3O3 

83-72 

U 

Zinc sulphate 

ZnS04, 7H,0 

22-78 

Zn 


Note.— T he percentages are calculated taking 0 = 16. 



THE USE OP LOGARITHMS. 


Much of the arithmetical work required in quantitative chemistry 
may be simplified by the use of logarithms. Those in common 
use are calculated to the base lo, so that44(? logarithm of a ntmber 
is the fewer to which lo is raised to obtain that number. 

For example, the logarithm of loo is 2. This means that 
lo'^ = 100. It is usually written log 100 = 2. In the same way 
log 1000 = 3, but the logarithms of numbers between 100 and 
1000 lie between 2 and 3 — that is, they are 2 plus a decimal 
quantity; e,g. log 500 = 2*69897, because 500 = 

To find the Logarithm of a Decimal Quantity. 

0*05 = “ = 5 X io"“ = X 10"^ = 10^'®*^. 

Therefore log 0*05 = 2*69897, where 2 is a negative quantity and 
0*69897 is positive. It is convenient to keep it in this form. 

The appended tables give the decimal portion, or mantissa, 
of the logarithm, and the integral portion, or characteristic, is 
obtained by inspection. 

For numbers greater than unity the characteristic of the 
logarithm is one less than the number of figures in the integral 
portion of the number for which the logarithm is required. For 
example, to obtain log 22*8 look in the tables for the mantissa 
of log 228, which is 0*35793. The characteristic is i, therefore 
log 22*8 = 1*35793. Likewise log 2*28 - 0*35793. 

For numbers less than unity the characteristic is obtained by 
adding one to the number of noughts between the decimal point 
and the first significant figure^ and it is negative, eg. log 0*228 = 
i‘3S793 and log 0*00228 = 3 * 35793 - 
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To obtain log 37*376.— First consider the number 37376. 
On p. 303 look for 373 in the first column headed “Number,” 
and its mantissa is given in the same horizontal row in the next 
column, headed “o” and is 57171. The mantissa for 3737 is 
given in the same horizontal row in the column headed “ 7i” 
and is 57252. The next mantissa in the same row is that 
for 3738, and is 57264. For an increase of i in the fourth figure 
of the number the increase in the mantissa is 12. The fifth figure 
in the number represents tenths of a unit in the fourth place, so 
the same number of tenths of the difference between the mantissre 
of the first four figures (3737), and of that number increased by 
unity (3738), is added to the mantissa of the lower number (3737). 
These tenths are worked out in the column headed “ Difference,” 
The mantissa for log 37376 is 57252 + 8*4 or 57260*4 and log 
37*376 = 1*572604. In the same way log 0*0376 = 2*572604. 

To obtain log 6 or log 0*6 look in the tables for the mantissa 
of log 600, and to obtain log 66, or log 0*66, look in the tables 
for the mantissa of log 660. The characteristics are obtained 
by inspection according to rule. 

log 6 = 0*77815 log 66 = 1*81954 

log 0*6 = 1*77815 log 6*6 = o’8i954 

log o’oo6 = 3*77815 log o*o66 — 2*81954 

To multiply two or more numbers together, add the loga- 
rithms of the numbers, and the sum is the logarithm of the required 
product. To divide a number by another, subtract the loga- 
rithm of the divisor (or denominator of a fraction) from the loga- 
rithm of the dividend (or numerator of a fraction), and the difference 
is the logarithm of the quotient. The following examples 
illustrate the method of procedure. 

T!. t 17- j I . 72*968 X 0*078 

Example i. — Find the value of — “ 

72*968 X 0*078 

= log 72*968 4- log 0*078 - log 0*3984 
= 1*863128 + 2*89209 - 1*60032 
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= 0*755218 - r’60032 
= 1-154898 

15473 is the mantissa for 1428 

15503 » » » 1429 

30 is the difference for i 
i6*8 „ „ „ 0-56 

.*. 154898 is the mantissa for 142856 
or correct to the fifth figure, 14286 

As the characteristic is i the. number of integral figures will be 
two, and 1*154898 is the logarithm of 14*286. The value of 
the fraction is therefore 14 ' 2 86 . 

Example 2.— In the analysis of a sample of lead nitrate 
(p. 136) the following data were obtained. 

Weight of basin electrode = grm. 

„ „ „ + lead nitrate =54*2228 „ 

„ „ „ + deposit of PbOg = 53-9342 „ 

Find the percentage of lead in the lead nitrate. 

Weight of lead nitrate = 1*0414 grm. 

„ „ deposit of PbOs = 07528 „ 

238*9 grm. of PbOa contain 206*9 grm, of Pb. 

. . 0-7528 X 206-9 

.*. the weight of lead in the deposit is - - 
this was obtained from 1*0412 grm. of Pb (NOJ^- 

100 X 0*7528 X 206-9 

the percentage of lead = 2^8-9 

100 X 0 * 75 ^^ X 
ro4i4 X 238*9 

= log 100 + log 0*7528 + log 2 o 6*9 - log 1*0414 - log 238*9 
= 2 + ?87668.-f 2*31576 - 0*017618 - 2*37822 
= 4*19244-2*395838 
= 1796602 
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79657 is the mantissa for 6260 
79664 „ „ „ 6261 

7 is the difference for i 
3*2 „ „ „ 4 (approx.) 

/. 796602 is the mantissa for 62604 
and 1*796602 is log 62*604 

The percentage of lead is therefore 62 * 604 . 

Example 3, — In the preparation of azohenzene (p. 241) 
according to the equation, 8 grm. of hydrogen will be required 
to reduce twice the gram-molecular weight of nitrobenzene to 
azobenzene. How many coulombs will be required to reduce 
50 grm. of nitrobenzene ? 

The gram-molecular weight of nitrobenzene is 123*08 ; 

/. 8 grm. of hydrogen reduce 2 X 123*08 grm. of nitro- 
benzene, and 8 grm. of hydrogen will he liberated by 

96540 X 8 coulombs (p, 7). 

the quantity of electricity required to reduce 2 X 123*08 

grm. of nitrobenzene is 96540 X 8 coulombs; and 50 grm. of 

nitrobenzene will require 

96540 X 8 X 50 , , ^ . 

- r, — - o coulombs for reduction 
2 X 123*08 

96540 X 8 X 50 96540 X 100 

'"g 61^4 " 

= log 96540 + log TOO - log 61 *54 
- 4*98471 + 2 ^ 1*78916 
= 5*19555 

19535 is the«nantissa for 1568 
19562 „ „ „ 1569 

27 is, the difference for i 
20 ,, „ ,, 0 74 

.*. 19555 is mantissa for 156874 
and.5'955S is log 156874 

the quantity of electricity required is 156874 coulombs. 
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Example 4. — From a gas coulommeter 900 c.c. of a mixture 
of hydrogen and oxygen at 21® C. and 742 mm, was evolved. 
What quantity of electricity had passed through the coulommeter ? 
(Seep. 15). 

First find the volume of the mixed gases at N.T.P. 


_ 900 X 273 X 742 
~ (273 + 21) X 760 


(See p. 287.) 


I ampere-hour, or 3600 coulombs, evolve 626*4 of the 
mixed gases at N.T.P, (see p. 15) ; 

the above quantity Vq will be evolved 


^ 626*4 


900 ^273 X 742 
(273 + 21) X 760 


coulombs. 


All operations of addition and subtraction must be 
performed before taking logarithms, 

3600 X 900 X 273 X 74 f 
626*4 X 294 X 760 

= log 3600 + log 900 + log 273 + log 742 
“ log 626*4 — log 294 - log 760 
=? 3-55630 + 2-95424 + 2*43616 + 2-87040 
- 2*79685 - 2*46835 - 2*88081 
= 11*81710 — 8*14601 
= 3-67109 

67108 is the mantissa for 4689 

67117 „ „ „ 469® 

9 is the difference for i 
I „ „ „ (approx.). 

67109 is the mantissa for 46891 

3*67109 is log *4689*1 

the quantity of electricity that had passed through the 
coulommeter was 4689*1 coulombs. 


It is hoped that the above examples will be found sufficient 
to explain the use of logarithms even to those who may never 
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have employed them before. For further information upon the 
theory of the subject, students must study standard works upon 
algebra or trigonometry. 

The following logarithm tables have been carefully checked, 
both against five-figure tables and seven-figure tables, and where 
any discrepancies were found, the numbers have been recalculated. 
I am greatly indebted to Mr. F. Hart, B.Sc., for kindly under- 
taking this laborious work, and also for calculating the worked-out 
examples on the preceding pages. 



FIVE-FIGURE LOGARITHMS 




0 1 2 3 4 5 6 7 8 9 


100 ; 00 000 043 087 ISO 173 

101 432 475 518 561 604 

102 860 903 945 988 030 

108 01 284 326 368 410 452 

104 703 745 787 828 870 

105 02 119 160 202 243 284 

106 531 572 612 653 694 

107 ' 938 079 019 060 100 

108 I OS 342 383 423 463 503 

109 : 743 782 822 862 902 

110 04 139 179 218 258 297 

111' 532 571 610 650 689 

112 922 961 999 038 077 

113 06 308 346 385 423 461 

114 690 729 767 805 843 

115 06 070 108 145 183 221 

116 446 483 521 558 595 

117 819 856 893 930 967 


120 918 964 990 027 063 

121 06 279 314 350 386 422 

122 636 672 707 743 778 

123 991 026 061 096 132 

124 09 342 377 412 44? 482 

12^ 691 726 760 795 830 

126 10 037 072 106 140 175 

127 380 415 449 483 517 

128 721 755 789 823 856 

129 11 059 093 126 160 193 

13^ 394 428 461 494 528 

181 727 760 793 826 860 

132 12 057 090 123 156 189 

133 385 418 450 483 516 

134 710 743 775 808 840 

135 13 033 066 098 130 162 

136 354 386 418 450 481 

137 1 672 704 735 767 799 

138 i 988 019 051 082 114 
^3^1 M 301 333 364 395 426 

613 644’ 675 706" 737 

141 i 922 953 983 014 043 

142 ! 16 229 259 290 320 351 

143 i 534 564 594 625 655 

144 i 836 866 897 927 957 


146 435 

147 ' 732 

148 ^ 17 026 

149 ! 319 


167 197 227 256 
465 495 524 554 
761 791 820 850 
056 085 114 143 
348 877 406 435 


217 260 303 346 389 
647 689 732 775 817 
072 115 m 199 242 
494 536 578 620 662 
912 953 995 036 078 

325 366 407 449 490 
735 776 816 857 898 
141 181 222 262 302 
543 583 623 663 703 
941 981 021 060 100 

336 876 415 454 493 
727 766 805*844 883 
115 m 192 231 269 
500 538 576 614 652 
881 918 956 994 032 
258 296 333 371 408 
633 670 707 744 781 
004 041 078 115 151 
372 408 445 482 518 
737 773 809 846 882 

099 135 171 207 24S 
458 493 529 565 600 
814 849 884 920 955 
m m2 237 272 307 
517 552 587 621 656 

864 899 934 968 003 
209 243 278 312 346 
551 585 619 653 687 
890 924 958 992 025 
227 260 294 327 361 

561 594 628 661 694 
893 926 959 992 024 
222 254 287 320 352 
548 581 613 646 678 
872 905 937 969 OOl 
194 226 258 290 322 
513 545 577 609 640 
830 862 893 925 956 
145 176 208 239 270 
457 489 520 551 582 
768 799 829 860 891 
076 106 137 168 198 
381 412 442 473 503 
685 715 746 776 806 
987 017 047 077 107 
286 316 346 376 406 
584 613 643 673 702 
879 909 938 967 997 
173 202 231 260 289 
464 493 622 551 580 


44 

43 1 

42 

4*4 

4’3 

4*2 

8*8 

8-6 

8-4 

13*2 

12*9 

12*6 

17*6 

17*2 

16*8 

22*0 

2r«; 

21-0 

26*4 

25*8 

25-2 

30-8 

30-1 

29*4 

35*2 

34*4 

33 

39-6 

38*7 

37;« 

41 

40 

T9 


4'o 

' 3*9 

8*2 1 

j 8-0 

7*8 

12*3 

12-0 

117 

i6‘4 , 

i6-o 

; 15-6 

20*5 

20*0 

19*5 

24-6 

24 '0 

|23'4 

28*7 ! 

1 28*0 

27*3 

32*8 

yi’o 

31*2 

36*9 

\ 36*0 

l35'i 

38 

1 37 

j 36 

3-8; 

1 3*7 

1 3-6 

7*6 

! 7*4 

7*2 

11-41 

j in 

10*8 

152 

I4'8 

14-4 

19-0 ■ 

ji8*5 

18*0 

22*8 

22*2 

21*6 

26*6 ! 

I 25*9 

25*2 

30*4 

29*6 

28 -8 

34*2 

1 33*3 

1 32*4 

35 

1 34 

1 33 

3-5 1 

i 3*4 

3*3 

7-0 

1 6*8 

6-6 

10*5, 

10*2 

9*9 

I4'0 

13*6 

13*2 

17*5 1 

1 17-0 

16*5 

21 'O 

20*4 

19*8 

24*5 i 

1 ^8*8 

23-1 

28-0 

27-2 ! 

26-4 

3i:5 ' 

: 30*6 1 

29*7 


1 3*2' 3'i 

2 6‘4 6'2 

3 9'6 9*3 

4 12-8 I2'4 

5 16-0 I5'5 

6 i9'2 i8-6 

7 22*4 21*7 

8 25*6 24*8 
28*8 27*9 
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No. Log. 01234 567891 

150 17 609438 667 696 725 754 782 811 840 869 | 

151 898 920 955 984 OIB m m 099 W M \ 

152 18 184 213 241 270 298 327 365 384 412 441 ; 

153 469 498 526 554 583 611 639 667 696 724 ! 

154 752 780 808 837 865 893 921 949 977 005 

19 033 061 089 117 145 173 201 229 257 285 

156 312 340 868 396 424 451 479 507 535 662 

157 590 618 645 673 700 728 756 783 811 838 

158 866 893 921 948 976 OOB 030 058 (m 112 


.159 20 140 167 194 222 249 276 303 330 358 385 _?_l 


3 9*0 ! 87 

4 I2’0 ' ii -6 

5 15*0 ! M'S 

6 i8'o I7’4 

7 21*0 20'3 

8 24*0 23 ‘2 

9 27-0 i 26*1 


160 412 439 

161 683 710 

162 952 978 

163 21 219 245 

164 484 511 


170 23 045 070 


174 24 055 08 0 
175 ' 304 329 

176 551 576 

177 i 797 822 

178 1 25 042 066 

179 I 285 310 


182 1 26 007 031 


187 I 27 184 207 


466 493 520 
737 763 790 
005 032 059 
272 299 825 
537 564 590 
801 827 854 
063 089 115 
324 350 376 
583 608 634 
840 866 891 

096 121 147 
350 376 401 
603 629 654 
855 880 905 
105 130J5^ 
353 378 403 
601 625 650 
846 871 895 
091 116 139 
334 358 382 
575 600 624 
816 840 864 
055 079 102 
293 316 340 
529 553 576 
764 788 811 
998 021 045 
231 254 277 
462 485 508 
692 715 738 


190 875 898 921 £ 

191 i 28 103 126 149 1 

192 I 330 863 375 i 

193 1 556 578 601 ( 

194 I 780 803 825 i 

195 2 9 003 026 048 t 

196 ' 226 248 270 S 

197 447 469 491 I 

198 667 688 710 ^ 

199 885 907 929 { 


548 575 602 629 656 
817 844 871 898 925 
085 m 139 m 192 
352 378 405 431 458 
617 643 669 696 722 
880 906 932 958 985 
141 167 194 220 246 
401 427 453 479 505 
660 686 712 737 763 
917 943 968 994 019 
1721^2^ 249 274 
426 452 477 502 528 
679 704 729 754 779 
930 965 980 005 030 
180 204 229 254 279 


648 672 606 720 744 
888 912 935 959 983 
126 150 174 198 221 
304 387 411 435 458 
600 623 647 670 694 
834 858 881 905 928 
Om 091 114 138 161 
300 323 346 370 S93 
531 554 577 600 623 
761 784 807 830 852 

989 012 03S 058 081 
217 240 262 285 307 
443 400 488 511 533 
668 691 713 735 758 
892 914 937 959 981 

115 137 159 181 203 



28 

I 

2-8 

2 

V6 

3 

8-4 

4 

11*2 

1 5 

14*0 

1 6 

i6-8 

1 7 

I9'6 

1 8 

22*4 

9 

25*2 

11 26 1 

1 I 

2*6 

2 

S ’2 

3 

7*8 

4 

10*4 

5 

13-0 

6 

ivo 

7 

18 *2 

8 

20'8 

- 9 - 

23*4 


l| 

I 

2*2 1 

1 2 

4*4 1 

i 3 

6‘6 

-i 4 

8*8 

i , 5 

11*0 

6 

I 3'2 

j ! 7 

15 ‘4 

J i 8 

17*6 

t 1 9 

19*8 
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No. 

Log. 01234 5 6789 

Differences. | 

250 

39 794 811 829 846 863 881 898 915 933 950 



251 

967 985 m 019 087 054 071 088 106 123 


18 

262 

40 140 157 175 192 209 226 248 261 278 295 

I 

r8 

253 

312 329 346 364 381 398 415 432 449 466 

2 

3*6 

254 

483 500 518 535 552 569 586 603 620 637 

3 

5 *4 

255 

654 671 688 705 722 739 756 773 790 807 

4 

7-2 

256 

824 841 858 875 892 909 926 943 959 976 

5 

9-0 

257 

993 010 027 044 061 078 095 111 128 146 

6 

lO’S 

258 

41 162 179 196 212 229 246 263 280 296 313 

7 

I2'6 

259 

330 347 363 380 397 414 430 447 464 481 

8 

14-4 

260 

497 514 531 547 564 581 597 614 631 047 

9 

i6'2 

261 1 

664 681 697 714 731 747 764 780 797 814 



262 

830 847 863 880 896 913 929 946 963 979 



263 

996 012 029 045 062 078 095 111 127 144 



264 

42 160 177 193 210 226 243 259 275 292 308 


17 

265 

325 341 357 374 390 406 423 439 455 472 

i 


266 

488 504 521 537 653 570 686 602 619 035 

2 

3-4 

267 

651 667 684 700 716 732 749 765 781 797 

3 

S’l 

268 

813 830 846 862 878 894 911 927 943 959 

4 

6-8 

269 

975 991 008 024 040 066 072 088 104 120 

5 

8-5 

270 

43 136 152 169 185 201 217 233 249 265 281 

6 

I0'2 

271 

297 313 329 345 361 377 393 409 425 441 

7 

irg 

272 

457 473 489 505 521 537 553 569 584 000 

8 

13*6 

273 

616 632 648 664 680 696 712 727 743 759 

9 

I5’3 

274 

775 791 807 823 838 854 870 886 902 917 



275 

933 949 965 981 996 012 028 044 059 075 



276 

44 091 107 122 138 154 170 185 201 217 232 



277 

248 264 279 295 311 326 342 358 373 389 


IG 

278 , 

404 420 436 451 467 483 498 514 529 545 

I 

r6 

279^ 

560 576 592 607 623 638 654 669 685 700 

2 

3-2 

280 

716 731 747 762 778 793 809 824 840 855 

3 

48 

281 

871 886 902 917 932 948 963 979 994 010 

4 

6 '4 

282 

46 025 040 056 071 086 102 117 133 148 163 

5 

8‘o 

283 

179 194 209 225 240 255 271 286 301 317 

6 

9-6 j 

284 

832 347 S62 378 393 408 423 439 454 469 

7 

112 

285 

484 500 515 530 545 561 576 591 606 621 

8 

12 0 

286 

G37 652 667 682 697 712 728 743 758 773 

9 

I4'4 

287 

788 803 818 834 849 864 879 894 909 924 



288 

939 954 969 984 000 015 030 046 060 075 



289 

46 090 105 120 135 150 165 180 195 210 225 



290 

240 255 270 285 300 315 830 344 359 374 


15 

291 

389 404 419 434 449 464 479 494 509 523 

I 

1*5 

292 

538 553 568 583 598 613 627 642 657 672 

2 

30 

293 

687 702 716 731 746 761 776 790 805 820 

3 

4*5 

294 

835 850 864 879 894 909 923 938 953 967 

4 

6-0 

295 

982 997 012 026 041 056 070 085 100 114 

s 

7‘5 

296 

47 129 144 159 173 188 202 217 232 246 261 

6 

9-0 

297 

276 290 305 319 334 349 363 378 392 407 

7 

io‘5 

298 

422 436 451 465 480 494 509 524 538 553 

8 

12-0 

299 

1 .567 582 696 611 625 640 654 669 083 698 

1 
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Five- figure Logarithms, 


No. 

liOg. 0 12 8 4 

5 6 7 8 9 

DiffereDoea. 

400 

60 

206 217 228 239 249 

260 271 282 293 304 


401 


314 325 336 347 358 

369 379 890 401 412 


402 


423 433 444 455 466 

477 487 498 509 520 


403 


530 541 552 363 574 

684 59.5 GOG 617 627 

II 

404 


638 649 660 670 681 

692 703 713 724 735 

I I’l 

405 


745 756 767 778 788 

799 810 820 831 842 

2 2'2 

406 


853 863 874 885 895 

906 917 927 938 949 

3 3’3 

407 


959 970 981 991 009 

on CSS 045 055 

4 4'4 

408 

01 

066 077 087 098 109 

119 130 140 151 162 

S 5*5 

409 


172 183 194 204 215 

225’236 247 257 268 

6 6-6 , 

410 


278 289 300 310 321 

331 342 352 363 374 

7 7*7 

411 


384 395 405 416 426 

437 448 458 469 479 

8 8’8 

412 


490 500 511 521 532 

642 553 563 574 584 

9 9*9 

413 


595 606 61G 627 637 

648 658 669 679 690 


414 


700-711 721 731 742 

752 763 773 784 794 


415 


805 815 826 836 847 

857 868 878 888 899 


41 G 


909 920 930 941 951 

961 972 982 993 003 


417 

62 

014 024 034 045 055 

066 076 086 097 107 


418 


118 128 138 149 159 

170 180 190 201 211 


419 


221 232 242 252 263 

273 284 294 304 315 

10 

420 


325 335 346 356 366 

377 387 397 408 418 

I ro 

421 


428 439 449 459 469 

480 490 500 511 521 

2 2*0 

422 


531 542 552 562 572 

583 593 603 613 624 

3 3*0 

423 


634 644 655 665 675 

685 696 706 716 726 

4 4*0 

424 


737 747 757 767 778 

788 798 808 818 829 

5 5*0 

425 


839 849 859 870 880 

890 900 910 921 931 

6 6*0 

426 


941 951 961 972 982 

992 003 Om 022 033 

7 7*0 

427 

68 

043 053 063 073 083 

094 104 114 124 134 

'8 8*0 

428 


144 165 165 175 185 

195 205 215 225 236 

9 90 

429 ! 


246 256 266 276 286 

296 306 317 327 337 


430 


347 357 367 377 387 

397 407 417 428 438 


431 ! 


448 458 468 478 488 

498 508 518 528 538 


432 


548 558 568 579 589 

599 609 619 629 639 


433 


649 659 669 679 689 

699 709 719 729 739 


434 


749 759 769 779 789 

799 809 819 829 839 


435 


849 859 869 879 889 

899 909 919 929 939 

9 

436 


949 959 969 979 988 

998 008 018 028 038 

I 0*9 

437 

64 

048 058 068 078 088 

098 108 118 128 137 

2 1*8 

438 


147 157 167 177 187 

197 207 217 227 237 

32-7 

439 


246 256 266 276 286 

296 306 316 326 335 

4 3*6 

440 


345 355 365 375 385 

395 404 414 424 434 

5 4*5 

441 


444 454 464 473 483 

493 503 513 523 532 

0 5 '4 

H f»*'2 

442 


542 552 562 572 582 

591 601 611 621 631 

7 0 i 

443 


640 650 660 670 680 

689 699 709 719 729 

0 72 

444 


738 748 758 768 777 

787 797 807 816 826 

g S' I 

445 


836 846 856 865 875 

885 895 904 914 924 


446 


938 943 953 963 972 

982 992 002 011 021 


447 

65 

031 040 050 060 070 

079 089 099 108 118 


448 


128 137 147 157 167 

176 186 196 205 215 


449 


225 234 244 254 263 

273 283 292 302 312 
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No. 

Log. 0 12 8 4 

5 6 7 8 9 

Differences. 

450 

451 

452 
458 
454 

06 321 331 341 850 360 
418 427 437 447 456 
514 523 533 543 552 
610 619 629 639 648 
706 715 725 784 744 

369 379 389 898 408 
466 475 485 495 504 
562 571 581 591 600 
658 667 677 686 696 
753 763 772 782 792 


4 

455 

456 

457 

458 
,459 

801 811 820 830 839 

896 906 916 925 935 

' 992 m oiiom om 

66 087 096 106 115 124 

181 191 200 210 219 

849 858 868 877 887 
944 9.54 963 973 982 
039 049 038 068 0^7 
134 143 153 162 172 
229 238 247 257 266 


10 

460 

461 

462 

463 

464 

276 285 295 304 314 
370 380 389 398 408 
464 474 483 492 502 
558 567 577 586 596 
652 661 671 680 689 

323 332 342 351 361 
417 427 436 445 485 
511 521 530 539 549 
605 614 624 633 642 
699 708 717 727 736 


1 

2 

3 

4 

5 

6 

7 

S 

9 

I‘0 

2-0 

3*0 

40 

5*0 

6‘o 

7 'o 

8-0 

9-0 

465 

466 

467 

468 

745 755 764 773 783 
839 848 857 867 876 
932 941 950 960 969 
07 025 034 043 052 062 
117 127 136 145 154 

792 801 811 820 829 
885 894 904 913 922 
978 987 997 006 015 
071 080 089 099 108 
164 173 182 191 201 

469 



470 

471 

472 

473 

474 

210 219 228 237 247 
302 311 321 330 339 
394 403 413 422 431 
486 495 504 514 S23 
578 587 596 605 614 

256 265 274 284 293 
348 357 367 376 385 
440 449 459 468 477 
532 541 550 560 569 
624 633 642 651 660 



475 

476 

477 

478 

479 

669 678 688 697 706 
761 770 779 788 797 
852 861 870 879 888 
943 962 961 970 979 
68 034 043 052 061 070 

715 724 733 742 752 
806 815 825 834 843 
897 906 916 925 934 
988 997 006 . 015 024 
079 088 097 106 115 



480 

481 

482 

483 

484 

124 133 142 151 160 
215 224 233 242 251 
805 314 323 332 84l 
395 404 413 422 481 
486 494 502 511 520 

169 178 187 196 205 


9 

260 269 278 287 296 
3.50 359 368 377 386 
440 449 458 407 476 
529 538 547 556 .565 

I 

1 ^ 

3 

4 

0 - 9 

1- 8 

27 

3*0 

485 

486 

487 

488 

489 

574 583 592 601 610 
664 673 631 690 699 
753 762 771 780 789 
842 851 860 369 873 
931 940 949 958 966 

619 628 637 646 655 
708 717 726 735 744 
797 806 815 824 833 
886 895 904 913 922 
975 984 993 009 011 

6 

! 7 
8 

9 

4*5 

5*4 

6*3 

r2 

8-1 

490 

491 

492 

493 

494 

68 020 028 037 046 065 
108 117 126 135 144 
197 205 214 223 232 
285 294 302 311 320 
373 381 390 399 408 

064 073 082 090 099 
152 161 170 179 188 
241 249 258 267 276 
329 338 346 355 364 
417 425 434 443 452 



495 

496 

497 

498 

499 

461 469 478 487 496 
548 557 566 574 583 
636 644 653 662 671 
723 732 740 749 758 
810 819 827 836 845 

604 513 522 531 639 
592 601 609 618 627 
679 688 697 705 714 
767 775 784 793 801 
854 862 871 880 888 

C 



X 
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Five-figure Logarithms. 


No. 

Log. 0 1 2 3 4 5 6 7 8 9 j 

Differences. 

500 

69 897 906 914 923 932 940 949 958 966 975 | 



501 

‘ 984 992 001 010 018 021 030 044 053 002 



502 

70 070 079 088 096 105 114 122 131 140 148 



503 

157 165 m 183 191 200 209 217 226 234 i 



504 

243 252 260 269 278 286 295 303 312 321 j 



505 

329 338 346 355 364 372 381 389 398 406 



506 

415 424 432 441 449 458 467 475 484 492 J 



507 

501 509 518 526 535 544 552 561 569 578 



508 

586 595 603 612 621 629 638 646 655 663 



509 

672 680 689 697 706 714 723 731 740 748 


9 

510 

757 766 774 783 791 800 808 817 825 834 

U 

0-9 

I '8 

511 

842 851 «59 868 876 885 893 902 910 919 

* 

512 

927 936 944 952 961 969 978 986 995 003 



513 

71 012 020 029 037 046 054 062 071 079 088 

3 

2 7 

514 

096 105 113 122 130 139 147 155 164 172 

4 

3 o 

515 

181 189 198 206 214 223 231 240 248 257 

6 

S'4 

516 

265 273 282 290 299 307 316 824 332 341 

7 

6-3 

517 

349 357 366 374 383 391 399 408 416 425 

8 

7‘2 

518 

433 441 450 468 466 475 483 492 500 508 

9 

8'i 

519 

o/itJ i)U 1 Old Do* Ovi 



520 

GOO 609 617 625 634 642 650 659 667 675 



521 

684 692 700 709 717 725 734 742 750 759 



522 

767 775 784 792 800 809 817 825 834 842 



523 

850 858 867 875 883 892 900 908 917 925 



524 

933 941 950 958 966 975 983 991 999 008 



525 

72 )16 024 032 041 049 057 066 074 082 090 



526 

099 107 115 123 132 140 148 156 165 173 



627 

181 189 198 206 214 222 230 239 247 255 



528 

263 272 280 288 296 304 313 321 329 337 



529 

346 354 362 370 378 387 395 403 411 419 



530 ; 

428 436 444 452 460 469 477 485 493 501 


8 

531 

509 518 526 534 542 550 558 567 575 583 

I 

0-8 

532 

591 599 607 616 624 632 640 648 656 665 

2 

1*6 

533 

673 681 689 697 705 713 722 730 738 746 

3 

2*4 

534 

754 762 770 779 787 795 803 811 819 827 

4 

3-2 

535 

835 843 852 860 868 876 884 892 900 908 

5 

4*0 

536 

916 925 933 941 949 957 965 973 981 989 

6 

4*8 

537 

997 006 OH 022 030 038 046 054 062 070 

7 

5‘6 

588 

73 078 086 094 102 111 119 127 135 143 151 

8 

6*4 

539 

159 167 175 183 191 199 207 215 223 231 

9 

7 ‘2 

540 

239 247 255 263 272 280 288 296 304 312 



541 

320 328 336 344 352 360 368 376 384 392 



542 

400 408 416 424 432 440 448 456 464 472 



543 

480 488 496 504 512 520 528 536 544 552 



544 

560 568 576 584 592 600 608 616 624 632 



545 

640 648 656 664 672 679 687 695 703 711 



546 

719 727 737 743 751 759 767 775 783 791 



547 

799 807 815 823 830 838 846 854 862 870 



548 

878 886 894 902 910 918 926 933 941 949 



549 

957 965 973 981 989 997 005 013 020 028 
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310 Five-figure Logarithms. 


No. 

Log. 0 1 2 3 4 

5 6 7 8 9 

Differencos. 

m ' 

84 

510 516 522 528 535 

541 547 553 550 666 


701, 


572 578 584 590 597 

603 609 615 621 628 


702 


634 640 646 652 668 

665 671 677 683 689 


703 


696 702 708 714 720 

726 733 739 745 751 


704 


757 763 770 776 782 

788 794 800 807 813 


705 


819 825 831 837 844 

850 856 862 868 874 


706 


880 887 893 899 905 

911 917 924 930 936 


707 


942 948 954 960 967 

973 979 985 991 997 


708 

85 

003 009 016 022 028 

034 040 046 052 058 

1 

709 


065 071 077 083 089 

095 101 107 114 120 

6 ' 

710 1 


126 188 144 150 

156 163 169 175 181 

I 0*6 

711 


187 193 199 205 211 

217 224 230 236 242 

2 1’2 

712 


248 254 260 266 272 

278 285 291 297 303 

3 

713 


309 315 321 327 333 

339 345 352 358 364 

4 2‘4 

714 


370 376 382 388 394 

400 406 412 418 425 

5 3‘o 

715 


431 437 443 449 455 

461 467 473 479 485 

6 3-6 

71(5 


491 497 503 509 516 

522 528 534 540 546 

7 4’2 

717 


552 558 564 570 576 

582 588 594 600 606 

8 4*® 

718 


612 618 625 631 637 

643 649 655 661 667 

_ 1 i'4 _ 

719 


673 679 685 691 697 

703 709 715 721 727 


^0 


733 739 745 751 757 

~ 763 769 775 781 787 


721 


794 800 806 812 818 

824 830 836 842 848 


722 


854 860 866 872 878 

884 890 896 902 908 


723 


914 920 926 932 938 

944 950 956 962 968 


724 


974 980 986 992 998 

004 010 016 022 028 


725 

"8^ 

034 040 040 052 058 

064 070 076 082 088 


726 


094 100 106 112 118 

124 130 136 141 147 


727 


153 109 165 171 177 

183 189 195 201 207 


728 


213 219 225 231 237 

243 249 255 261 267 


729 


273 279 285 291 297 

303 308 314 320 326 


730 


332 338 344 350 356 

362 368 374 380 386 

5 

731 


392 398 404 410 415 

421 427 433 439 445 

I 0*5 

732 


451 457 463 469 476 

481 487 493 499 504 

2 I’O 

733 


510 516 522 528 534 

540 546 552 558 564 

3 I’5 

734 


570 676 581 587 593 

590 605 611 617 623 

4 2*0 

735 


629 635 641 646 652 

668 664 670 676 682 

5 2*5 

6 3*0 

736 


688 694 700 705 711 

717 723 729 735 741 

7 3 ‘5 

737 


747 753 759 764 770 

776 782 788 794 800 

8 4'o 

738 


806 812 817 823 829 

835 841 847 853 859 

O A*C 

739 1 


864 870 876 882 888 

894 900 906 911 917 

y HD 

740 


923 929 935 941 947 

953 958 964 970 976 


741 ^ 


982 988 994 999 005 

on 017 023 029 035 


742 ' 

87 

040 046 052 058 064 

070 075 081 087 093 1 


743 


099 105 111 116 122 

128 134 140 146 151 


744 


157 163 169 175 181 

186 192 198 204 210 


745 


216 221 227 233 239 

245 251 256 ^62 268 


746 


274 280 286 291 297 

303 309 315 320 326 


747 


332 338 344 349 355 

361 367 373 379 384 


748 


390 396 402 408 413 

419 425 431 437 442 


749 


448 454 460 466 471 

477 483 489 495 500 
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Five- figure Logarithms, 


No. 

Log. 0 1 2 3 4 5 6 7 8 9' 

DiffereuceB. 

900 

95 424 429 434 439 444 448 453 458 463 468 



901 

472 477 482 487 492 497 .501 506 511 516 



902 

521 525 530 535 540 545 550 554 559 564 



90S 

569 574 578 583 588 593 598 602 607 612 



904 

617 622 626 631 636 641 646 650 6.55 660 



9^ 

665 670 674 679 684 689 694 698 703 708 



906 

713 718 722 727 732 737 742 746 751 756 



907 

761 766 770 775 780 785 789 794 799 804 



908 

809 813 818 823 828 832 837 842 847 852 



909 

85G 861 866 871 875 880 885 890 895 899 


5 I 

910 

904 909 914 918 923 928 933 938 942 947 

I 

o'5 

911 

9.52 957 ^61 966 971 976 980 985 990 995 

2 

1 'n 

912 

999 004 m 044 019 023 028 033 038 042 

5 

**5 

91S 

90 047 052 057 061 066 071 076 080 085 090 

4 

2*0 

914 

095 099 104 109 114 118 123 128 133 137 

5 

25 

91o 

142 147 152 156 161 166 171 175 180 185 

6 

3-0 

916 

190 194 199 204 209 213 218 223 227 232 

7 

3*5 

917 

237 242 246 251 256 261 265 270 275 280 

8 

4*0 

918 

284 289 294 298 303 308 313 317 322 327 ' 

9 

4’5 

919 

332 336 341 346 350 355 360 .365 369 374 



920 

379 883 388 393 398 402 407 412 417 421 



921 

426 431 435 440 445 450 454 459 464 468 



922 

473 478 483 487 492 497 501 506 511 515 



923 

520 525 530 534 539 544 648 553 558 562 



924 

667 572 577 581 586 691 595 600 605 609 



925 

614 619 624 628 633 638 642 647 652 656 



926 

661 666 670 675 680 685 689 694 699 703 



927 

708 713 717 722 727 731 736 741 745 750 



928 

755 759 764 769 774 778 783 788 792 797 



929 

802 806 811 816 820 825 830 834 839 844 


4 

930 

848 853 858 862 867 872 876 881 886 890 

1 1 

o'4 

931 

895 900 904 909 914 918 923 928 932 937 

2 

o‘8 

932 

942 946 951 956 960 965 970 974 979 984 

3 

1'2 

933 

988 993 997 002 007 011 016 021 025 030 

4 

I '6 

934 

97 035 039 044 049 053 058 063 067 072 077 

5 

2'0 

935 

081 086 090 095 100 104 109 114 118 123 

6 

2*4 

936 

128 132 137 HI 146 151 155 160 165 169 

7 

2*8 

937 

174 179 183 188 192 197 202 206 211 216 

8 

3*2 

938 

220 225 230 234 239 243 248 253 257 262 

9 

3'6 

939 

267 271 276 280 285 290 294 299 304 308 



940 

313 317 322 327 331 336 340 345 350 354 



941 

859 364 368 373 377 382 387 391 396 400 



942 

405 410 414 419 424 428 433 437 442 447 



943 

451 456 460 465 470 474 479 483 488 493 



944 

497 502 506 511 516 520 525 529 534 .539 



94.5 

543 548 552 557 502 566 671 575 580 585 



946 

589 594 598 603 607 612 617 G2l 626 630 



947 

635 640 644 649 653 658 663 667 672 676 



948 

681 685 690 695 699 704 708 713 717 722 



949 

727 731 736 740 745 749 754 759 763 768 
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No. 

Log. 0 1 2 34 567 89? 

Differences. 

950 

97 772 777 782 786 791 795 800 804 809 813 



951 

818 823 827 832 836 841 845 850 855 859 , 



952 

804 868 873 877 882 886 891 896 900 905 1 



953 

909 914 918 923 928 932 937 941 946 950 ; 



954 

955 959 964 968 973 978 982 987 991 996 i 



955 

88 000 005 009 014 019 023 028 032 037 041 i 



956 

046 050 055 059 064 068 073 078 082 087 1 



957 

091 096 100 105 109 114 118 123 127 132 



958 

137 141 146 150 155 159 164 168 173 177 



959 

182 186 191 195 200 204 209 214 218 223 


5 

960 

227 232 236 241 245 250 254 259 263 268 

I 

O' 5 

961 

272 277 281 286 290 295 299 304 308. 313 

2 

I'O 

962 

318 322 327 331 336 310 345 349 354 358 

3 

i'5 

963 

363 367 372 376 381 385 390 394 399 403 

4 

20 

964 

408 412 417 421 426 430 435 439 444 448 j 

5 

2-5 

9G5 

453 457 462 466 471 475 480 484 489 493 

6 

3’o 

966 

498 502 507 511 516 520 525 529 534 538 

7 

3-5 

967 

543 547 552 556 561 565 570 574 579 583 ! 

8 

4-0 

968 

588 592 597 601 605 610 614 019 623 628 

9 

4‘5 

969 

632 637 641 646 650 655 659 664 668 673 



970 

677 682 686 691 695 700 704 708 713 717 



971 

722 726 731 735 740 744 749 753 758 762 



972 

767 771 776 780 784 789 793 798 802 807 



973 

811 816 820 825 829 834 838 843 847 851 



974 

856 860 865 869 874 878 883 887 892 896 



975 

900 905 909 914 918 923 927 932 936 941 1 



976 

945 949 954 958 963 967 972 976 981 985 ! 



977 

989 944 998 003 007 012 016 021 025 029 



978 

99 034 038 043 047 052 056 061 0G5 069 074 



979 

078 083 087 092 09G 100 105 109 114 118 


4 

980 

123 127 131 136 140 145 149 154 158 162 

I 

0-4 

981 

167 171 176 180 185 189 193 198 202 207 

2 

0-8 

982 

211 216 220 224 229 233 238 242 247 251 

3 

1'2 

983 

255 260 264 269 273 277 282 286 291 295 

4 

1*6 

984 

300 304 308 313 317 322 326 330 835 339 

5 

2’0 

985 

344 348 352 357 361 366 370 374 379 383 

6 

2*4 

986 

388 392 39G 401 405 410 414 419 423 427 

7 

2*8 

987 

432 436 441.445 449 454 458 463 467 471 

8 

3-2 

988 

476 480 484 489 493 498 502 506 511 515 

9 


989 

520 524 528 533 537 542 546 550 555 559 



990 

~~564 568 572 577 581 585 590 594 599 603 



991 

607 612 616 621 625 629 634 688 642 647 



992 

651 656 660 664 669 673 077 682 686 691 



993 

605 699 704 708 712 717 721 726 730 734 



994 

739 743 747 752 756 760 765 769 774 778 



995 

782 787 791 795 800 804 808 813 817 822 



996 

826 830 835 839 843 848 852 856 861 865 



997 

870 874 878 883 887 891 896 900 904 909 



998 

913 917 922 926 930 935 939 943 948 9o2 



999 

957 961 965 970 974 978 983 987 991 996 






INDEX 


The references in heavy type refer to ike preparations or special analysis 
of ike. siiislances. 

Accumi/latoe, charging of, 55 I Anthraquinone, 268 

— chemical process of, 53, 60 Antimony, 108 


— discharging of. 55 

, Ekiison, the, 60 | 

lead, the, 53 

Accumulators, 52 
Acetanilide, 258 
Acet-tolnide, 2S3 
Acheson graphite, 199 
Acid, acetic, 228 

, adipic, 231 

— diethyl adipic, 231 , 283 

, trichloracetic, 227 

Agitating electrode, 198 
Agitation of solutions, 198 
Alcohol, 87, 236, 241, 243, 251, 263 

, isopropyl, 252 , 254 

, methyl, 228, 232 

, para-nitro benzyl, 278, 280 

Alloys, analysis of, 186 
Alteration of decomposition value, 152 
Alternating currents, rectification of, 61 
Aluminium from iron, 167 
Amalgam, bismuth, 134 

, cadmium, 133 

, lead, 135 

Amalgamation, 233 
Amalgams, 132 
Amidophenol (para-), 238 
Ammeters, 22 

Ammonium borate, 95, 98, 282 

, cobalt sulphate, 282 

, thiocyanate, 271 

Analysis of alloys, 185 
Aniline, 236 ^ 

Anion, 5 
Anode, s 
Anthracine, 269 


from arsenic, 184 

— copper, 18 r 

lead, 180 

— mercury. 175 

silver, 178 

tin, 181 

Apparatus, 76 
Arrhenius, 33 

Arsenic, 147 
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Works by WILLIAM A. TILDEN, D.Sc London, F.R.S., 
Professor of Chemistry in the Royal College of Science, South 
Kensington, 

A SHORT HISTORY OF THE PROGRESS OF SCIENTIFIC 

CH^ISTRV IN OUR OWN TIMES. Crown 8 vo„ y. net. 

INTRODUCTION TO THE STUDY OF CHEMICAL PHILO- 
SOPHY The Principles of Theoretical and Systematic Chemistry. With 5 jhus- 
trations. Crown 8vo., 5;. With ANSWERS to Problems. Crown 8vo., 5^- W. 

PRACTICAL CHEMISTRY. The Principles of Qualitative Analysis. 

Fcp. 8 vo. , IJ. 6 rf. 


WATTS DICTIONARY OF CHEMISTRY. Revised and entirely 

Rewritten by H. Fokbtbh MOElev, M.A., D Sc. Fellow P™' 

fessor of Gbemistry in, Univeisity College, Londoo ; and M. M. P*™^ 

M,A., F.R.S.K, Fellow, and Prielector in Chemistry, of Gonville and Lams Louege, 
Cambridge. Assisted by Eminent Contributors. 4 vols. Svo., ^5 net. 


Works by R. LLOYD WHITELEY, F.LC., Principal 
of the Municipal Science School, West Bromwich. 

CHEMICAL CALCULATIONS. With Explanatory Notes, Pro Wems 
and Answers, specially adapted for in CoUegK and 
Preface by Professor F. Clowes, D.Sc. (Lond.), F.LC, Crown 5 to., is , 

ORGANIC CHEMISTRY ; the Fatty Compounds. With 45 Illus- 

trations. Crown 8vo. , .v. 
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THE USE OF SCHOOLS. (In Three Books.) By John Bidgood, B.Sc., Head- 
master ol the Gateshead Secondary Day School. 

Book L Elementary Physics. With 120 Illustrations. Crown 8vo., 

15 . 6d. 

Book II. Physics and Chemistry. With 122 Illustrations. Crown 

8 vo,, 15 . 6d, • 

Book III. Chemistry. With 108 Illustrations. Crown 8vo., 2s, 
BLOND LOT . — ‘ N ’ RAYS. A Collection of Papers communicated to 

the Academy of Sciences. With additional Notes and Instructions for the Construction 
of Phosphorescent Screens. By R. Blondlot, I'rafessor in the University of Nancy. 
Translated by j, Garcln. With Phosphorescent Screen and other Illustrations. Crown 
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RESPONSE IN THE LIVING AND NON-LIVING. By 
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GANOT—NoiY^ by PROFESSOR GANOT. Translated and Edited 
by E, Atkinson, Ph.D., F.C.S., and A. W. Reinold, M.A., F.R.S. 

ELEMENTARY TREATISE ON PHYSICS, Experimental and 

Applied. With g Coloured Plates and Maps, and 1048 Woodcuts, and Appendix of 
Problems and Examples with Answers. Crown 8vo., 155. 

NATURAL PHILOSOPHY FOR GENERAL READERS AND 

YOUNG PEOPLE. With 7 Plates, 632 Woodcuts, and an Appendix of Questions. 
Crown 8vo., 75. 6d. 

GLAIEBROOK and PRACTICAL PHYSICS, By R. T. 

Glazebrooe, M.A.) F.R.S., and W, N. Shaw, M.A. With 134 Illustrations. Crown 
8vo., 75. bd. 

— MOLECULAR PHYSICS AND SOUND. By F. 

Guthrie, PLD. With 91 Diagrams. Fcp. 8vo., 15. bd. 

POPULAR LECTURES ON SCIENTIFIC SUB- 
JECTS. By Hermann von Helmholtz. Translated by E. Atkinson, Ph.D., 
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HENDERSON^EEYMmXNSN PHYSICS. By John Henderson, 
D.Sc. (Edin.), A.I.E.E., Physics tjcpartment, Borough Road Polytechnic, Crown 
8 vo,, 25. 6df. "" 
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MEYBd^.-rUE KINETIC THEORY OF GASES. Elementary 

Treatise, with Mathematical Appendices, By Dr. OSKAR Emil Mkves. 8vo. , 151. net. 


YAJY ’rLTOEF.— THE ARRANGEMENT OF ATOMS IN SPACE. 

By J. H. VAN ’tHoff. With a Preface by Johannes Wjslicenus, Professor of 
of Chemistry at the University of Leipzig; and an Appendix, ‘ Stereo-chemistry among 
Inorganic Sutetances,* by Alfred Werner, Professor of Chemistry at the University 
of Zflricbi Crown 8vo., df. 6 d, 


WATSON '. — Works by W. WATSON, F.R.S., D.Sc., Assistant Professor 
of Physics at the Royal College of Science, London, 

ELEMENTARY PRACTICAL PHYSICS; a Laboratory Manual 

for Use in Organised Science Schools. With lao Illustrations and 193 Exercises. 
Crown 8vo, , 2s. 6 d. 


A TEXT-BOOK OF PHYSICS. With 568 Diagrams and Illustra- 
dons, and a Collection of Examples and Questions with Answers, Large crown 
8vo., lOi;, 6 d. 


WATTS.— m INTRODUCTION TO THE STUDY OF 

SPECTRUM ANALYSIS. By W. MARSHALL WATTS, D.Sc. (Lond.), B.Sc. 
(Viet.), F.I.C., Senior Physical Science Master in the Giggleswick School. With 
135 Illustrations and Coloured Plate. 8vo., lor. net. 


WORTHINGTON— k FIRST COURSE OF PHYSICAL LABORA- 
TORY PRACTICE. Containing 264 Experiments. By A. M. Worthington, 
C.B., F.R.^ With Illustrations. Crown 8vo., +1. Af. 


ELEMENTARY PHYSICS. By Mark R. Wrioht, M.A., 

Pwtessor of Normal Education, Durham College of Science. With 248 Illustrations, 
Crown 8m, 2i. 6(/n 
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LL.D. 8g Diagrams. Fcp, 8vo., u. td. 

DUNKERLEY.-^MECHkmm, ByS. DUNKERLEY, M.Sc., 

Assoc. M.Inst.C.E., M.Inst.C.E., Professor of Engineering in the University of Man- 
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GOODEVE , — Works by T. M, GOODEVE, M.A., formerly Pr9fessor 
of Mechanics at the Normal School of Science, and the Royal Scht^ol 
of Mines. 

THE ELEMENTS^ OF MECHANISM. With 357 Illustrations. 

Crown 8vo., 6 j. 

PRINCIPLES OF MECHANICS. With 253 Illustrations and 

numerous Examples. Crown 8vo., 6s. 

A MANUAL OF MECHANICS: an Elementary Text-Book for 

Students of Applied Mechanics. With 138 Illustrations and Diagrams, and 188 
Examples taken from the Science Department Examination Papers, with Answers. 
Fcp. 8vo., 2.J. 6d. 

GOOEMAN.—UECHAmCS APPLIED TO ENGINEERING. By 

John Goodman, Wh.Sch., M.I.C.E., M.I.M,E., Professor of Engineering in the Uni- 
versity of Leeds. With 714 Illustrations and numerous Examples. Crown 8vo. , 95. net. 

GRIEVE, — IN ELEMENTARY MECHANICS. By 

W. H. Grieve, late Engineer, R.N., Science Demonstrator for the London County 
Council. 

Stage t. With 165 Illustrations and a large number of Examples. Fcp. 8vo , ii. 6d, 
Stage 2. With 122 Illustrations. Fcp. 8vo., u. 6(1. 

Stage 3. With 103 Illustrations. Fcp. 8vo., u, 

MAGNl/S.~^oA^ by SIR PHILIP MAGNUS, B.Sc., B.A. 
LESSONS IN ELEMENTARY MECHANICS. Introductory to the 

study of Physical Science. Designed for the Use of Schools, and of Candidates for 
the London Matriculation and other Examinations. With numerous Exercises, 
Examples, Examination Questions, and Solutions, etc., from 1870-1895. With 
Answers, and 131 Woodcuts. Fcp. 8vo., 3J. 6d, 

Key for the use of Teachers only, price y. 3^^. 

HYDROSTATICS AND PNEUMATICS. Fcp. 8vo., u. 6i. ; or, 

with Answers, 2s. The Worked Solutions of the Problems, 2s. 

MECHANICS FOR ENGINEERS: a Text-Book of 

Intermediate Standard, By Arthur Morley, M.Sc., Univer^sity Scholar (Viet.): 
Senior Lteturer in University College, NottinghHm. With 200 Diagrams and 
numerous Examples. Crown 8vo., 45. net. 

PULLEN , — MECHANICS : Theoretical, Applied, and Experimental. 

By W. W. F. Pullen, WkSch,, A.M.I.C.E. With 318 Diagrams and 

numerous Examples. Crown 8vo., 41. td. 
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ROBINSON . — ELEMENTS OF DYNAMICS (Kinetics and Statics). 

With numerous Exercises. A Text-book for Junior Students. By the Rev. 1 . L. 
Robinson, M.A. Crown 8vo,, 6 s. 

SMITK-^VloAs by J. HAMBLIN SMITH, M.A. 

ELEMENTARY STATICS, Crown 8vo., 31. 

EI^MENTARY HYDROSTATICS. Crown 8vo., jr. 

,KEY TO STATICS AND HYDROSTATICS. Crown 8vo., 6;. 

TARLETON.—k^ INTRODUCTION TO ,Tl!E MATHEMATI- 
CAL THEORY OF ATTRACTION. By Francis A. Tarleton, LL.D., Sc.D., 
Fellow of Trinity College, and Professor of Natural Philosophy in the University of 
Dublin, Crown 8vo., loj. 6 d. 

TA Works by J. E. TAYLOR, M.A., B.Sc. (Lond.). 

THEORETICAL MECHANICS, including Hydrostatics and Pneuma- 
tics. With 175 Diagrams and Illustrations, and 5*2 Examination Questions and 
Answers. Crown 8vo. , 2 j, 6 d. 

THEORETICAL MECHANICS-SOLIDS. With 163 Illustrations, 

120 Worked Examples and over 500 Examples from Examination Papers, etc. 
Crown 8vo., at. 6 i. 

THEORETICAL MECHANICS.-FLUIDS. With 122 Illustrations, 

numerous Worked Examples, and about 500 Examples from Examination Papers, 
etc. Crown 8vo. , 25. 6 d. 


THORNTON — MECHANICS-SOLIDS. In- 
cluding Kinematics, Statics and Kinetics, By Arthur Thornton, M.A. , F.R.A.S. 
With 200 Illustrations, 130 Worked Examples, and over 900 Examples from Examina- 
tion Papers, etc. Crown Svo., 4J. 6 d. 


TWISDEN.—VIotV^ by the Rev. JOHN F. TWISDEN, M.A. 
PRACTICAL MECHANICS; an Elementary Introduction to their 

Study. With 855 Exercises, and 184 Figures and Diagrams. Crovrn 8vo., icxr. 6 d, 

THEORETICAL MECHANICS. With 172 Examples, numerous 

Exercises, and 154 Diagrams. Crown 8vo., Rr. 6 d. 


WILLIAMSON — TO THE MATHEMATI-. 
CAL THEORY OF THE STRESS AND STRAIN OF ELASTIC SOLIDS. By 
Benjamin Williamson, D.Sc., F.R.S. Crown 8vo., 51. 


WILLIAMSON AND TARLE TON. — AN ELEMENTARY 
TREATISE ON DYNAMICS. Containing Applications to permodyn^ics with 
numerous Examples. By Benjamin Williamson, D.Sc., F.R.S., and Francis a. 
Tarleton, LL.D. Crown 8vo., loj, 6 d. 


WORTHINGTON— m^kUlCS OF ROTATION: an Elementary 
Introduction to Rigid Dynamics. By A. M. Worthington, C.B., F.R.S. Crown 
8vo., 4J, 6rf, 
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Crown 8vo., 55. 6rf. , 

ELEMENTARY MENSURATION. By G. T. Chivers, 

Head Master of H.M. Dockyard School, Pembroke. With Answers to the Examples. 
Crown 8vo , 5 j. 


M/^^Z^.—PRELIMINARY SURVEY AND ESTIMATES. By 

Theodore Graham Qribble, Civil Engineer. Including Elementary Astronomy, 
Route Surveying, Tacheometry, Curve Ranging, Graphic Mensuration, Estimates, 
Hydrography and Instruments, With 133 Illustrations, Quantity Diagrams, and 
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^/ZZK— EXPLANATORY MENSURATION. By the Rev. Alfred 

Hilky, M.A. With a Chapter on Land Surveying by the Rev. John Hunter, M.A. 
Containing numerous Examples, and embodying many of the Questions set in the Local 
Examination Papers, With Answers, lamo. , 2s. 6d, 

— MENSURATION AND LAND SURVEYING. By 

the Rev. JOHN HUNTER, M.A. iSmo., is. Key, is. 


Z0Z>(;Z:.-- MENSURATION FOR SENIOR STUDENTS. By 

Alfred Lodge, M.A., late Fereday Fellow of St. John’s College, Oxford; Profes^r 
of Pure Mathematics at the Royal Indian Engineering College, Cooper^s Hill. With 
Answers. Crown 8vo,, 4s. 6d. 


LONGMANS' SCHOOL MENSURATION. By Alfred J. Pearce, 

D.A. (Inter.), Hons. Matric. (London). With numerous Diagrams. Crown 8vo, With 
or without Answers, 2s. 6^/. 


LONGMANS' JUNIOR SCHOOL MENSURATION. To meet the 

Requirements of the Oxford and Cambridge junior Local Examinations, the College 
of Preceptors, etc. By W. S. Beard, F.R.G.S., Head Master of Fareham Modern 
School. With Answers to Exercises and Examination Papers. Crown 8vo. , if. 

Burton,— k practical treatise on mine surveying. 

By Arnold Lupton, Mining Engineer, Certificated Colliery Manager, Surveyor, 
Member of the Institution of Civil Engineers, etc. With 216 Illustrations. Medium 
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PRACTICAL MENSURATION. By A. Nesbit. Illus- 
trated by 700 Practical Examples and 700 Woodcuts. lamo., y. Key, y. 
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' OE Harvard University.) Issued Quarterly, 4to.,2^. net. 

BURNSIDE AND PANTON—Tm. THEORY OF EQUA1TONS. 

With an Introduction to the Theory of Binary Algebraic Forms. By WirxiAM Snow 
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CONSTABLE and i//ZZ.S.— ELEMENTARY ‘ALGEBRA UP TO 
AND INCLUDING QUADRATIC EQUATIONS: By W. G. Constaule, B.Sc., 
B.A., and J, MllXS, B.A. Crown 8m, zr. With Answers, 2s. 6 d. 
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LONGMANS’ JUNIOR SCHOOL ALGEBRA. By William S. 
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SMITH.~W^A^ by J. HAMBLIN SMITH, M.A, 

ELEMENTARY ALGEBRA. New Edition, with a large number 

of Additional Exercises. With or without Answers, Crown 8vo,, 3.?. 6(f. Answers 
separately, 6d. Key, Crown 8vo., p-f. 

The Original Edition of this Rook is still on Sale, pnee sss, 6 d. 

EXERCISES IN ALGEBRA. With Answers. Fcap. 8vo., 25. 6d. 
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WELSFORD AND MA Kf?.— ELEMENTARY ALGEBRA. By J. W 
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CASEY.— A TREATISE ON THE ANALYTICAL GEOMETRY 

OF THE POINT, LINE, CIRCLE, AND CONIC SECTIONS. By John Casey, 
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SALMOJf.-A TREATISE ON CONIC SECTIONS 
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Ml/HJ^AY.^VioAs by DANIEL ALEXANDER MURRAY, Ph.D. 

AN INTRODUCTORY COURSE IN DIFFERENTIAL EQUA- 
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A FIRST COURSE IN THE INFINITESIMAL CALCULUS. 
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aVSA.—An ELEMENTARY TREATISE ON LOGARITHMS, 
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O'Dea, M.A. Crown 8vo., 2 j. 


PRINCIPLES OF THE DIFFERENTIAL AND INTEGRAL 

CALCULUS. By Thomas Tate. i2mo., 4J. 
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TEGRAL CALCULUS AND DIFFERENTIAL EQUATIONS. Crown 8vo., 9s. 
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RITHMS, WITH EXAMPLES IN MENSURATION. With Answers to 
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WJZZIAMSON.—V/otks by BENJAMIN WILLIAMSON, D.Sc. 

AN ELEMENTARY TREATISE ON THE DfPFERENTIAL 
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the Calculus of Variations, with numerous Examples. Crown 8va, loi. 6d. 



Scientific Works published by Longmans^ Greeny b* Co. 


13 


GEOMETRY AND EUCLID, 


**• For other Works, see Longmans 6* Co's Catalogue of Educational and School Books. 


ALLMAN.~-GR^EK GEOMETRY FROM THALES TO EUCLID, 

By G. ]. Allman. 8vo,, iof. 6</. 

ELEMENTARY GEOMETRY. By Frank R. Barrell^ 

M.A., B.Sc., Professor of Mathematics, University College, Bristol, 

Section I. Part L, being the subject-matter of Euclid, Book I. Crown 8vo., 15. 

Section I. Part 1 1 ., containing the subject-matter of Euclid, Book III, 1-34, and Book IV. 

»4-9, Crown 8vo,, ij. 

Section I. complete. Crown 8vo,, 2s, 
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matter of Books II. and Vi. With e.\pIaniition of Ratio mil Proportion, Trigono- 
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Sections I. and II. in one volume. Crown 8vo., 3.'. 6(1. 
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Sections L, 11 , and HI. complete in one volume. Cro.vn 8vo., 4?. 6(1. 


CASEY.— V^orki by JOHN CASEY, LL.D., F.R.S. 

THE ELEMENTS OF EUCLID, BOOKS I.-VI. and Propositions, 

I.-XXI. of Book XI. , and an Appendix of the Cylinder, Sphere, Cone, etc. With 
Copious Annotations and numerous Exercises. Fcp. 8vo., 4s. 6d, Kev to Exercises. 
Fep, 8vo., 6^. 

A SEQUEL TO THE ELEMENTS OF EUCLID. Part I. Books 

I.-VI. With numerous Examples. Fcp. 8vo., 3J, 6d. 

A TREATISE ON THE ANALYTICAL GEOMETRY OF THE 
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fMJ/ 7 £r 0 iV. — ELEMENTS OF QUATERNIONS. By ihe late 

Sir William Rowan Hamilton, LL.D., M.R.I.A. Edited by Charles Jasper 
JOLY, M.A., Fellow of Trinity College, Dublin. 2 vols. 4to, 21J. net each. 

LANGLEY AND PHILLIPS.— YYN. HARPUR EUCLID. With 
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Geometry. Bv E. M. LAXGr.KY, M.A., Senior Mnthematiciil Master, the Modern 
School, Bedford, and W. S. Phillips, M,A., Senior Mathemaued Master at Bedford 
Grammar School. Crown 8vo. , 
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LONGMANS’ LIST OF APPARATUS FOR USE IN GEO-. 

METRY, ETC, See p. 22. 

I^._TEXT-B 00 K on practical, solid, AND DESCRIP- 
TIVE GEOMETRY. By David Allan Low, Professor of Engineering, as on on 
Technical Couege. Crown 8vo. 

Parti. With 1 14 Figures, 2^. Part 11 . With 64 Figures, 35- 
THF HTAriJAM MEASURER Ati Instrument for measuring the 

Pressure from Indicator Diagrams from Steam, Gas and other lingmes. g 
D. A. Low. With Full Instructions for Use. is. nei. 
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GEOMETRICAL DRAWING FOR ART STUDENTS. 

Embracing Plane Geometry and its Applications, the Use of Scales, and the Plans and 
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Morris. Crown 8vo. , zj. 

A^/ra~ELEMENTS OF GEOMETRY. By J. Hamblin €mith, 
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Exercises and Notes. Cr. 8vo., 31. bd. Key, crown 8vo,, 8j, bd. 
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SPOONER.— im. ELEMENTS OF GEOMETRICAL DRAWING; 

an Elementary Text-book on Practical Plane Geometry, including an Introduction to 
Solid Geometry. Written to include the requirements of the Syllabus of the Board of 
Education in Geometrical Drawing and for the use of Students preparing for the Military 
Entrance Examinations. By Henry J. Spooner, C.E., M.Inst.M.E. Cr. 8vo,, y. bd. 

ELEMENTS OF PLANE AND SOLID GEOMETRY. 

By H. W. Watson, M.A. Crowm 8vo,, 3,1. 6d. 

GEOMETRICAL DRAWING. For the use of Candidates 

for Army Examinations, and as an Introduction to Mechanical Drawing. By W. N, 
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WINTER. — ELEMENTARY GEOMETRICAL DRAWING. By 

S. H. Winter. Part I. Including Practical Plane Geometry, the Construction of Scales, 
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ABNEY.— k TREATISE ON PHOTOGRAPHY. By Sir William de 

WiVELESLiK Abney, K.C.B., F.R.S., Principal Assistant Secretary of the Secondary 
Department of the Board of Education. With 134 Illustrations. Crown 8vo., 5J. 

DRUDE.—TW^ THEORY OF OPTICS. By Paul Drude, Professor 

of Physics at the University of Giessen. Translated from the German by C. Riborg 
-Mann and Robert A. Millikan, Assistant Professors of Physics at the University of 
Chicago. With no Diagrams. 8vo,, 15^. net. 

• GLAZEBROOK.—YVN^ICRL OPTICS. By R. T. Glazebrook, 

M.A., F.R.S., Principal of University College, Liverpool. With 183 Woodcuts of 
Apparatus, etc. Crown 8vo., 6s. 

yjNEEREOEZ,— COLOR PROBLEMS t a Practical Manual for the 
Lay Student of Color. By Emily Noyes Vanderpoel. With 117 Plates in Color. 
Square 8vo. , ais. net. 

WRIGMT.—OPTICAL PROJECTION : a Treatise on the Use of the 
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CASEY.-~k TREATISE ON ELEMENTARY TRIGONOMETRY. 

By John Casey, LL.D., F.R.S., late Fellow of the Royal University of Ireland, With 
numerous Examples and Questions for Examination. lamo., y, 

G 09 DWIN.—?\.m^ AND SPHERICAL TRIGONOMETRY. By 

H. B. Goodwin, M.A. In Three Parts, comprising those portions of the subjects, 
theoretical and practical, which are required in the Final Examination for Rank of 
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— THE BEGINNINGS OF TRIGONOMETRY. By A. 

Clement Jones. M.A., Ph.D., late Open Scholar and Senior Hulme Exhibitioner 
’ of Brasenose College, Oxford ; Senior Mathematical Master of Bradford Grammar 
School. Crown 8vo., 2J. 

ra— ELEMENTARY TRIGONOMETRY^ ty C. H. P. Mayo, 

M.A., late Scholar of St. Peter's College, Cambridge; Assistant Master at Harrow 
School, With Examples and Answers. Crown 8vo.. 3,f. biL 

N^/ 7 yY. — ELEMENTARY TRIGONOMETRY. By J. Hamblin 
Smith, M.A. Crown 8vo., 4J. 6 d. Key, yr. 6^. 


SOUND, LIGHT, HEAT, AND THERMODYNAMICS, 

et.ementary practicaj, sound, light and 

HEAT. By Joseph S. Dexter, B.Sc. (Lond.), Physics Master, Technical Day 
School, The Polytechnic Institute, Regent Street. With 152 Illustrations. Crown 
8v0., 2J. 6 d. 

EMTAGE.—^hlOWT. By W. T. A. Emtage, M.A., Director of Public 

Instruction, Mauritius, With 232 Illustrations, Crown 8vo,, 6j. 

HELMHOLTZ. — O'A THE SENSATIONS OF TONE AS A 
PHYSIOLOGICAL BASIS FOR THE THEORY OF MUSIC, By Hermann 
VON Helmholtz, Royal 8vo,, 285, 


MAXWELL.— ’TYiY.Cm OF HEAT. By J. Clerk Maxwell, M.A., 

r.R.SS., L. and E. With Corrections and Additions by Lord Ratleigh. With 38 
Illustrations. Crown 8vo., 45. 6 </. 

TREATISE ON THERMODYNAMICS. By Dr. Max 
Planck, Professor of Theoretical Physics in the University of Translated, 

with the Author’s sanction, by Alexander Ogg, M.A., B.Sc., PLD., late 1851 Ex- 
hibition Scholar, Aberdeen University; Assistant Master, Royal Naval Engineering 
College, Devonport. 8vo., 7.1. (d. net. 

NA//m— THE STUDY OF HEAT. By J. Hamblin Smith, M.A., 

of Gonville and Caius College, Cambridge, Crown 8vo, , y. 


TYNDALL . — Works by JOHN TYNDALL, D.C.L, F.R.S. See p- 4 i- 

WORMELL,—k CLASS-BOOK OF THERMODYNAMICS. By 

Richard Wc^mell, B.Sc., M.A. Fcp. 8vo., is. bd. 

WRIGHT.— \Nox'ss by MARK R. WRIGHT, M.A. 

SOUND, LIGHT, AND HEAT. With 160 Diagrams and Ulus- 

tralions. Crown 8vo. , 2S. 6 d. 

ADVANCED HEAT. With 136 Diagrams and numerous Examples 

and Examination Papers. Crown 8vo. . sy. 6 d. 
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ARCHITECTURE, BUILDING CONSTRUCTION, ETC. 

ADVANCED BUILDING CONSTRUCTION, By the Author of 

' RivingtODs' Notes on Building Constniction With 385 Illustrations. Crown 8vo., 

BENN. — STYLE IN FURNITURE. By R. Davis Benn. «With 

102 Plates by W. C, Baldock. 8vo., au. net. 

BOOKER. — ELEMENTARY PRACTICAl. BUILDING Con- 
struction. Stage I. By F, W. Booker. With 727 Illustrations. Crown 8vo., 
2.f, td. ^ 

BURRELL. — construction. By Edward rj. 

Bubrrll, Second Master of the People’s Palace Technical School, London. With 
303 Working Drawings. Crown 8vo. , ar. fyd, 

GWILT.—m ENCtCL 0 PA 5 DIA OF ARCHITECTURE. By 

Joseph Gwilt, F.S.A. Revised (1888), with Alterations and Considerable Additions 
by Wyatt Papworth. With 1700 Engravings. 8vo., au. net. 

HAMLIN.~k TEXT-BOOK OF THE HISTORY OF ARCHITEC- 

TURE. By A. D, F. Hamlin, A.M. With 229 Illustrations. Crown 8vo., qs. 6rf. 

PARKER AND UNWIN.— THE ART OF BUILDING A HOME : 

A Collection of Lectures and Illustrations. By Barry Parker and Raymond 
Unwin. With 68 Full-page Plates. 8 vo., lof. 6^^. net. 

RICJIARLfS.—BElCKEAYmG AND BRICKCUTTING. By H. W. 

Richards, Examiner in Brickwork and Masonry to the City and Guilds of London 
Institute, Head of Building Trades Department, Northern Polytechnic Institute, 
London, N, With over aoo Illustrations. 8vo., 31. 6 d. 

JIOWE.— THE LIGHTING OF SCHOOLROOMS; a Manual for 

School Boards, Architects, Superintendents and 'I'cachers. By Stuart H. Rowe, 
Ph.D. With 32 Illustralions. Crown 8vo., 3L 6 d. net. 

A'.£Z>ZIi:?iY.~BUILDER’S WORK AND THE BUILDING TRADES. 

By Col. H. C. Skddon, R.E. With numerous Illustrations, Medium 8vo,, i6j, 

TJLOMAS.—TRE VENTILATION, HEATING AND MANAGE- 
MENT OF CHURCHES AND PUBLIC BUILDINGS. By J, W. Thomas, 
F.I.C.. F.C.S. With 25 Illustrations. Crown 8vo., 2s. 6 d. 

VALUER . — BOOK OF TABLES, giving the Cubic Contents of from 

One to Thirty Pieces Deals, Battens and Scantlings of the Sizes usually imported or 
used in the Building Trades, together with an Appendix showing a large number of 
sizes, the Contents of which may be found by referring to the aforesaid I'ables. By 
Thomas Valder. Oblong 4to., 6 l net. 

RIVINCTONS’ COURSE OF BUILDING CONSTRUCTION. 

NOTES ON BUILDING CONSTRUCTION. Mediun^ 8vo. 

Part I. With 695 Illustrations, loj. ^d. net. 

Part II. With 496 Illustrations, los. 6 d. net. 

Part III. Materials. With 188 Illustratiorts, iSi-. net. 

Part IV. Calculations for Building Structures. With 551 Illustra- 
tions, 131. net. 
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STEAM, OIL, AND GAS ENGINES, AND MOTORS. 

BALE.~k HAND-BOOK FOR STEAM USERS; being Rules for 

Engine Drivers and Boiler Attendants, with Notes on Steam Engine and Boiler 
Management and Steam Boiler Explosions, By M. PowiS Bale, M.I.M.E, 

♦ M.Inst.C.E. Fcp, 8vo.j ar, 6 d, 

CI£J{K.-T:KE gas and oil engine. By Dugald Clerx, 

Member of the Institution of Civil Engineers, Fellow of the Chemical Society, Member 
^of the Royal Institution, Fellow of the Institute of Patent Agents. With 228 Illus- 
trations. 8vo., 15J. 

I 

DIPLOCK.—k NEW SYSTEM OF HEAVY GOODS TRANSPORT 

ON COMMON ROADS. By Bramak Joseph Uipl6ck. With 27 Illustrations and 
Diagrams. Medium 8vo. , dj. 6rf. net. 

ENGLISH AND AMERICAN STEAM CARRIAGES 

AND traction engines. By William Fletcher, M. Inst. Mech.R. With 

250 Illustrations. 8vo., 155. net. 

HOLMES ,— STEAM ENGINE. By George C. V. Holmes, 

C. B., Chairman of the Board of Works, Dublin. With 212 Illustrations. Crown 8vo., 6 j. 

diagram MEASURER. An Instrument for measur- 
ing the Areas of Irregular Figures and specially useful for determining the Mean Efifective 
Pressure from Indicator Diagrams from Steam, Gas and other Engines, Designed by 

D. A. r.ow', Professor of Engineering, East London Technical College, London. With 
Full Instructions for Use. iJ. net. 

~ ELEMENTARY STEAM ENGINEERING. By 

H. W. Metcalfe, Engineer Commander, R. N, With 144 II lustrations, 8vo. , 6</. net. 

NEILSON.—TW^ STEAaM TURBINE. By Robert M. Neilson, 

Associate Member of the Institute of Mechanical Engineers, etc. With 28 Plates 
and 212 Illustrations in the Text. 8vo., 105. (id. net. 

NORRIS.— k PRACTICAL TREATISE ON THE ‘OTTO’ CYCLE 

GAS ENGINE. By WiLLlAM Nor R IS, M.I.Mech.E. With 207 Illustrations. 8vo.. 
l(w. (id. 

PARSONS.— BOILERS : THEIR THEORY AND DESIGN. 

By H. DE B. Parsons, B.S., M.E., Consulting Engineer; Member of the American 
Society of Meckanical Engineers, American Society of Civil Engineers, «c. ; Professor 
of Steam Engineering, Rensselaer Polytechnic Institute. With 170 Illustrations. 8vo., 
io.f. (id. net, 

RIPPER .— by WILLIAM RIPPER, Professor of Engineering in 
the University College of Sheffield. 

STEAM. With 185 Illustrations. Crown 8vo., 2s. 6 d. 

STEAM ENGINE THEORY AND PRACTICE. With 441 Illus- 
trations. 8vo. , 9^. 
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STEAM, OIL, AND GAS ENGINES, AND lVIOTORS-^o»i>’»u««;. 

SENNETT AND OEAAf.—TKE MARINE STEAM ENGINE: A 

Treatise for Engineermg Students, Young Engineers and Officers of the Royal Navy 
and Mercantile Marine. By the late Richard Sennett, Engineer-in-Chirf of the 
Navy, etc, ; and Hen?¥ J. Oram, Deputy Engineer- in-Chief at the Admirwlty, 
Engineer Rear Admiral in H.M. Fleet, etc. With 414 Diagrams. 8vo,, aii, 

STEOMEyEE.--M,AKim BOILER MANAGEMENT AND CON- 
STRUCTION. Being a Treatise on Boiler Troubles and Repairs, Corrosion, 
Fuels, and Heat, on the properties of Iron and Steel, on Boiler Mechanics, ’Work- 
shop Practices, and Boiler D^ign. By C. E. Stromeyer, Chief Engineer of the 
Manchester Steam Users’ Association, Member of Council of the Institution of Naval 
Architects, etc. Wish 452 Diagrams, etc. 8vo,, i2j. net. 

OT//ra.— PETROL MOTORS AND MOTOR CARS: A Hand- 
book for Engineers, Designers and Draughtsmen. By T. Hyler White, A.M.I.M.E. 
With 44 Illustrations, Crown 8vo,, 41. 6i. net. 


ELECTRICITY AND MAGNETISM. 

ARRHENIUS.— K TEXT-BOOK OF ELECTROCHEMISTRY. By 

Svante Axrhenuis, Professor at the University of Stockholm. Translated from the 
German Edition by John McCrae, Ph.D. With 58 Illustrations. 8vo., 91J. 6rf. net. 

ELECTRO-DYNAMICS : the Direct- Current 
Motor. By Charles Ashley Carus-Wilson, M.A. Cantab. With 71 Diagrams, 
and a Series of Problems, with Answers, Crown 8vo., yj. 6rf. 

ELECTRICITY TREATED EXPERIMENTALLY. 

By LiNNiEUS CUMMING, M.A. With 242 Illustrations. Cr. 8vo., 4s. 6 d. 

GORE.—TWS. ART OF ELECTRO-METALLURGY, including all 

known Processes of Electro-Deposition. By G. GoRE, LL.D., F.R.S. With 56 Illus- 
trations. Crown 8 VO., df. 

HENDERSON.— N Oiks by JOHN HENDERSON, D.Sc., F.R.S.E. 
PRACTICAL ELECTRICITY AND MAGNETISM. With 157 

' Illustrations and Diagrams. Crown 8vo. , yj. 6^/. 

PRELIMINARY PRACTICAL MAGNETISM AND ELEC- 

TRICITY. Crown 8vo., u. 

« 

MAGNETISM AND ITS ELEMENTARY MEASURE- 

MENT. By W. Hibbert, F.I.C., A.M.I.E.E. With 55 Diagrams. Crown 8vo., 2s. 


/£WA 7 W: — ELECTRICITY AND MAGNETISM. By Fleeming 

Jenkin; F.F S., M.I.C.E. With 177 Illustrations. Crown 8vo., y. 6rf. 
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ELECTRICITY AND IVIAGNET18in-e^»^i»w«<;. 

ELEMENTARY TREATISE ON ELECTRICITY AND 

MAGNETISM. By G. Caxey Foster, F.R,S. ; and Alfred W. Porter. B.Sc. 
Founded on Joubert's ‘Traits El^mentaire d’Electricit^ With 374 Illustrations 
and Diagrams. 8vo, , loi, 6rf, net. 

/oVc^.-EXAMPLES IN ELECTRICAL ENGINEERING. By 

Samuel Joyce, A.I.E.E. Crown 8vo., ss. 

LARDEN—^hECTKlCVYY FOR PUBLIC* SCHOOLS AND 

* \:OLLEGES. By W. Larden, M.A, With 215 Illustrations, and a Series of 
1 Examination Questions ; with Answers. Crown 8vo., ts. 

MERRIFIELD, — MAGNETISM AND DEVIATION OF THE 

COMPASS. By JOHN Merkifiexd, LL,D., F.R.A.Si, i8tno.. 2s. 6 d. 

FARR.-F-RACTICAL ELECTRICAL TESTING IN PHYSICS AND 

ELECTRICAL ENGINEERING. By G. D. AspinALL Parr, Assoc. M.I.EE. 
With 231 Illustrations. 8vo. , 8r. 6 d. 

PO Works by A. W. POYSER, M.A. 

MAGNETISM AND ELECTRICITY.. With 235 Illustrations. 

Crown Svo. . lai. 6 d. 

ADVANCED ELECTRICITY AND MAGNETISM. With 

Illustrations, Crown 6vo., 4.5. 6</. 

RHODES.— m ELEMENTARY TREATISE ON ALTERNATING 
CURRENTS. By W. G. Rhodes, M.Sc. (Viet.), Consulting Engineer. With 
80 Diagrams. 8vo., yr. 6 d, net. 

SlINGO AND BROOKER. — YIoxk.^ by W. SLINGO and A. 
BROOKER. 

ELECTRICAL ENGINEERING FOR ELECTRIC LIGHT 

ARTISANS AND STUDENTS. With 383 Illustrations. Crown 8vo., 12s. 

PROBLEMS AND SOLUTIONS IN ELEMENTARY ELEC- 

TRICITY AND MAGNETISM. With 98 Illustrations. Cr. 8vo., 21. 

TYNDALE-^YloM by JOHN TYNDALL, D.C.L., F.R.S. See p. 41- 


TELEGRAPHY AND THE TELEPHONE. 

TELEPHONE LINES AND THEIR 

J. Hopkins. Professor of Physics in the Drexel Institute, Philadelphia. 

Crown 8vo., 6 j. 

PUFurw 2vr) siVEWRIGHT.-'l'ElS.m.kmY. By Sit W. 
PREECE ASD " VP.ItiM.. C.E., «c., Consulting Enpira and 

H* Preece, K.C.R» F.R.S*! * * _ C|Y£w|>ioht K.C.M.G. With 28/ 

Electrician, Post Office Telegraphs; and Sir J, Sivewrighi, 

Illustrations. Crown 8vo., yj- 
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ENGINEERING, STRENGTH OF MATERIALS, ETC. 

ANVERSON.—T:m. STRENGTH OF MATERIALS AND STRUC- 
TURES : the Stren^h of Materials as depending on their Quality and as ascertained 
by Testing Apparatus. By Sir J. Anderson, C.E., LL.D., F.R.S.E. With 66 Illus- 
trations. Oown 8vo., jt. 6 d, a 

K— RAILWAY APPLIANCES: a Description of Details of 

Railway Construction subsequent to the completion of the Elarthworks and Structures. 
By Sir JOHN WoEFE Bakry, K.C.B., F.R.S., M.LC.E. With ssi8 Illustrations. 
Crown 8vo., 41. 6 rf. ^ 

DlPLOCK,—k NEW SYSTEM OF HEAVY GOODS TRANSPORT 

ON COMMON ROADS. By Braham Joseph Dipcock. With ay Illustrations. 
8 yo. , ds. (d, net. * ^ 

GOOBMAN.-UECnAmCS APPLIED TO ENGINEERING. By 

John Goodman, Wh.Sch., M.I.C.E., M.I.M.E., Professor of Engineering in the 
University of Leeds. With 714 Illustrations and numerous Examples. Crown 8vo., 
9J. net. 

GREGORY,— A SHORT INTRODUCTION TO 'fHE THEORY 
OF ELECTROLVTfC DISSOCIATION. By J. C. GREGORY, B.Sc. (Lond.) 
A.I.C. Crown 8vo., is, 6 cf. 

LOW.— A POCKET-BOOK FOR MECHANICAL ENGINEERS. 
By David Allan Low (Whitworth Scholar), M.I.Mech.E., Professor of Engineering, 
East London Technical College (People’s Palace), London. With over 1000 specially 
prepared Illustrations. Fcp. 8vo. , gilt edges, rounded comers, js. 6 d. 

MORLEY — mCHA^lC^ FOR ENGINEERS: a Text-Book of 

Intermediate Standard. By ARTHUR Morley, M.Sc., University Scholar (Viet.); 
Senior Lecturer in University College Nottingham, With 20Q Diagrams and 
numerous Examples, Crown 8vo., 4J.4iet. 

FARJCIJYSON, — LIGHT RAILWAY CONSTRUCTION. By 

Richard Marion Parkinson, Assoc.M.Inst.C.E. With 85 Diagrams. 8vo., 
los, 6 d. net. 

SMITH, — GRAPHICS, or the Art of Calculation by Drawing Lines, 

applied especially to Mechanical Engineering. By Robert H. Smith, formerly 
Professor of Engineering, Mason College, Birmingham. Part I. With separate 
Atlas of 29 Plates containing 97 Diagrams. 8vo., 151. 

STONE Y,~\:HE THEORY OF STRESSES IN GIRDERS AND 

SIMILAR STRUCTURES; with Practical Observations on the Strength and other 
.Properties of Materials. By Bindon B. Stoney, LL.D,, F.R.S., M.LC.E, With 
5 Plates and 143 Illust. in the Text. Royal 8vo., 361. 

. l/NW/N—THE TESTING OF MATERIALS OF CONSTRUCTION. 

A Text-book for the Engineering Laboratory and a Collection of the Results of 
Experiment. By W, Cawthorne Unwin, F.R.S., B.Sc. With 5 Plates and i88 
Illustrations and Diagrams. 8vo., i6j. net. 

ENGINEERING CONSTRUCTION INJRON, STEEL, 

AND TIMBER. By William Henry Warren, Challts Professor of Civil and 
Mechanical Engineering, University of Sydney. With 13 Folding Plates and 375 
Diagrams. Royal Svo. , i6r. net. 

WHEEZER, — THE SEA COAST; Destruction, Littoral Drift, 

Protection. By W. H. Wheeler, M.Inst. C.E. With 38 Illustrations and Diagram. 
Medium 8vo., lor. 6 d. net. 
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LONGMANS’ CIVIL ENGINEERING SERIES. 

CIVIL ENGINEERING AS APPLIED TO CONSTRUCTION. 

By Leveson Francis Vernon-Harcourt, M.A., MJnst.CE. With 368 Illus- 
trations. Medium 8vo., net. 141. 

CONTENTS. — Materials, Preliminary Works, Foundations and Roads— Railway Bridge and Tunnel 
Engineering — River and Canal Engineering— Irrigation Works— Dock Works and Maritime En- 
gineering— Sanitary Engineering. 

NOTES ON DOCKS AND DOCK CONSTRUCTION. By C. 

Colson, C.B., M.Inst.C.E. With 365 Illustrations, Mediijm 8vo., air. net. 

CALCULATIONS IN HYDRAULIC ENGINEERING: a Practical 

j Text-Book for the use (rf Students, Draughtsmen and Engineers. By T. Claxton 
, Fidleb, M.InstC.E. 

Part 1 . Fluid Pressure and the Calculation of its Effects in Engineering 

Structures. With numerous Illustns. and Examples..* 8vo., &r. 6il, net. 

Part II. Calculations in Hydro-Kinetics. With numerous Illustration 

and Examples. 8vo,, ys. 6rf. net. 

RAILWAY CONSTRUCTION. By W. H. Mills, M.I.C.E., 

Engineer-in-Chief of the Great Northern Railway of Ireland, With 516 Illustrations 
and Diagrams, 8vo., iBi. net, 

PRINCIPLES AND PRACTICE OF HARBOUR CONSTRUCTION. 

By William Shield, F.R.S.E., M.Inst.C.E. With 97 Illustrations, Medium 8vo., 
iSi. net, 

TIDAL RIVERS: their (r) Hydraulics. (2) Improvement, (3) Navigation. 

By W. H. Wheeler, M.Inst.C.E, With 75 Illustrations, Medium 8vo,, i6i. net. 


NAVAL ARCHITECTURE. 

ATTWOOjD.—WoyVs by EDWARD L. ATTWOOD, M.Inst.N.A., 
Member of the Royal Corps of Naval Construction. 

WAR SHIPS : A Text-book on the Construction, Protection, 

Stability, Turning, etc., of War Vessels, With numerous Diagrams. Medium 
8vo., lOJ. 6d. net. 

TEXT-BOOK OF THEORETICAL NAVAL ARCHITECTURE; 

a Manual for Students of Science Classes and Draiiglitsmen Engaged in Slupbutlders 
and Naval Architects’ Drawing Offices. With 114 Diagrams. Crown 8vo., ys. ta. 


NOIMS. — 'PRACTICAL SHIPBUILDING: a Treatise on the 

Struc'ural Design and Building of Modern Steel Ve'-sels, the work of construction, 
from the making of the raw material to llie equipped vessel including sub^quent 
up-keep and rej^irs. By A. Campbell Holms Member 

Architects, etc. In 2 vols. (Vol. L, Text, medium 8vo. ; Vol. IL, Diagrams and 
Illustrations, oblong 4to,), 485. net. • 

LOVETT— A COMPLETE CLASS-BOOK OF NAVAL ARCHI- 

(Practical I^vinc-off, Theoretical). By W. J. I^VETT, Ucturer on 
nL JS iwc a. titc Be’lfi, .Municipal ^ 

and almost»2Co fully worked-ont Answers to accent Board of 
Questions. (With 26 pages of ruled paper at end for Notes and References). 

ys. 6d. net. , t • cc 

IVATSON-mykl. ARCHITECTURE; A Manual of Laying off 

Illustrations. Royal 8 vo., 15^* 
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WORKSHOP APPLIANCES, ETC. 

NORTHCOTT.—hPi^m^ AND TURNING, Simple, Mechanical 

and Ornamental. By W. H, NORTHCOTT. With 338 Illiistrations. Svo., 185. 

MACHINE TOOLS AND WORKSHOP PRACTICE FOR 

ENGINEERING STUDENTS AND APPRENTICES. By Alfred Parr, 
Instructor in Fitting and Machine Shop and Forge, University College, Nottingham, 
With an Introductpn by William Robinson, M.E., M.InshC.E. With 46a 
Illustrations. 8vo. , loj. 6 d. 

WORKSHOP APPLIANCES, including Descriptioijs 

of some of the Gav^g and Measuring Instruments, Hand-cutting Tools, Laihea, 
Drilling, Plaueing, asd otW Machine Tools used by Engineers. By C. P. 6. Shellet, 
M.I.C.E. With an additional Chapter on Milling by R. R. Lister. With 323 Illus- 
trations. Crown 8vo., 55. 


MACHINE DRAWING AND DESIGN. 

MECHANISM. By S. DUNKERLEY, M.Sc., 

Assoc.M.Inst.C.E,, M.InstX.E. , Professor of Applied Mechanics in the Royal Naval 
College, Greenwich, With 416 Diagrams. 8vo. , 9^. net. 

LONGMANS’ IMPROVED DRAWING APPLIANCES. Designed 

by David Allan Low, M.I.Mech.E. 


* Adjustable Pi'Otractor Set Square, ar, 6 d. j 
net. ! 

Cardboard Scales, in stift cloth case, per : 
set. (id. net. i 

New Drawing Scales, sets of i, 2, 3, nine j 
inches long, in paper case, i.f. net ; in ( 

cloth ease, u, yl. net. j 

twelve ! 

inches long, in paper case, u. bd, net ; 
in cloth case, ir. tjd. net. 

~ ~ — • — - — No. I, twelve- 
inch scale, sold separately, bd. net. 

Protractor No, a, three-inch radius divided 
into degrees, bd. net. 

3, four -inch radias divided 

into half degrees, gd. net. 

Vector Set Square, No. i, is. gd. net. 

Set Squares, Design A, No. i, bo'^, height 
6 in. , i.v. net, 

— 45 °. height 

4 in., xr. net. 

— — — — 2,60°, height 

8^ in., ij. 3^, net. i 

45° > height 

6 in., x^. ^d. net. 

3 . 6o°i height 

iz in., 2J. net. 

45®- height 

8^ in., ar. net, 

4, bd’, height 


Set Squares, De.sign A, No. 4, 45'^, height 
12 in., 43', bd. net. 

-B, No. I, 60°, height 


6 in., IJ. net. 


^ in. , XJ, 3(/. net. 


6 in., ij. 3^. net. 


12 m., SL net. 


17 in., 4J. bd, net. 


12 in., 4f. bd. net, 

T Squares, Design A, No. i, zo 
35, bd, net. 


45°. height 

-2, 60®, height 
— 45®, height 
-3, 60°, height 

45°, height 

—4, 6o~, height 

45°, height 

in, long, 


5r. net. 


bs. bd. net, 
3J. bd. net. 


— B, Xo. 1, 20 
2, 26 


5J. net 


—2, 26 in. long, 
-3, 33 in. long, 


in. long, 
in. long, 


3, 33 in. long, 


17 in., 4J, bd. net. I 

A Detailed and Illustrated Prospectus •will be sent on application. 



Scientific Works published by Longmans, Green, ^ Co. 


MACHINE DRAWING AND DESICN-C^^wa/. 

LONGMANS' ENGLISH AND METRIC RULE, marked on one edge 

m inches, etc., and on other eige in centimetres, id. net. ® 

LONQMANS’ BLACKBOARD ENGLISH AND METRIC RULE 

centimetres, inches, half-inches and quarter-inches.' 


manual OF MACHINE DRAWING AND 

> >IlSa£ns. 7- 


^ Low. —Works by DAVID ALLAN LOW. 

AN INTRODUCTION TO MACHINE DRAWING AND DESIGN. 

With 153 Illustrations and Diagrams. Crown 8vo., V 6d. 

A POCKET-BOOK FOR MECHANICAL ENGINEERS. Fen 

8 VO., 7J-. 6d. * *■ 


THE DIAGRAM MEASURER. An Instrument for Measuring the 
Area^ of Irregular Figures, and specially useful for determining the Mean Effective 
Fressure frorn Indicator Diagrams from Steam, Gas and other Engines. With full 
instmctions. ij. net. 


L/biW/M—TBK ELEMENTS OF MACHINE DESIGN. By W. 

Cawthorne Unwin, F.R.S. ^ 

Part L General Principles, Fastenings, and Transmissive Machinery. 

With 345 Diagrams, etc. Crown 8vo., 7s. 6d. 

Part II. Chiefly on Engine Details. With 259 Diagrams, etc. Crown 

8vo. , 6s. 


MINERALOGY, MINING, METALLURGY, ETC. 

BAGEI^MAN.— Works by HILARY BAUERMAN, F.G.S. 
SYSTEMATIC MINERALOGY. With 373 Illustrations. Crown 

8vo., 6 j. 

DESCRIPTIVE MINERALOGY. With 236 Illustrations. Crown 

8vo., 6i. 

BREARLEY and IBBOTSON.-^Ym ANALYSIS OF STEEL- 
WORKS MATERIALS, By Harry Breaeley and Fred Ibbotson, B,Sc, (Lond.), 
Demonstrator of Micrographic Analysis, University College, Sheffield. With % Illus- 
trations. 8vo., i^f. net. 

GORE.—YW. ART OF ELECTRO METALLURGY. By G. Gore, 

LL,D., F.R.S. With 56 Illustrations. Crown8vo..6iL 

iVO^SiVOZA-o-ENGINEER’S VALUING ASSISTANT: being a prac- 
tical Treatise on the Valuation of Collieries and Other Mines, etc. By H. D. Hoskolu. 
With an Introductory Note by the late Petek Gray. 8vo., 7s. 6d. net. 
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Larden's Electricity . . 

Laughton's Nautical Surveying 
Lehfeldt's Electro Chemistry . 

Lindley and Moore’s Treasury of Botany . 39 

Lloyd’s Teaching of Biology • ’ ' ' H 

Lodge’s Mensuration . . . • 

London Science Class-Books . 

Longmans’ Junior S^ool Algebia . 

Junior Sohool^ensuration . 

- List of Apparatus for Use in Geometry, 


Low and Be vis's Machine Drawing, etc. . 
LuH’s Forensic Medicine and Toxicology. 
Luptou’s Mine Surveying .... 
Mining 
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etc. . 


- School Mensuration 
Lovett’s Naval Architecture 
Low’s Diagram Measurer . 

Drawing Appliances 

Geometry ... 

Machine Drawing and Design 

Pocket-Book for Engineers , 


Macalister's Vertebrate Animals 

Zoology, Invertebrate Animals 

Macdougal's Plant Physiology , 

Macfarlane's Notes on Metallurgy . 

Maclean's Exercises in Natural Philosophy 

McNab’s Botany 

Magnus' Elementary Mechanics 

Hydrostatics and Pneumatics . 

Martin's Navigation and Astronomy 
Maxwell's Theory of Heat .... 
Mayo's Elementary T^gonometry . 

Mellor’s Chemical Statics and Dynamics . 

Higher Mathematics 

The Crystallisation of Iron and Steel 

Mcndeleeff’s Chemistry .... 

- — — Conception of the Ether 
Mcrrifield’s Magnetism & Deviation of Compass 

Navigation . . . . , 

Metcalfe's Steam Engineering . 

Meyer's The Kinetic Theory of Gases 

Theoretical Chemistry , 

Millais’ British Surface-feeding Ducks . 

Mam'jals of Great Britain and Ireland 

Miller’s Inorganic Chemistry . 

Mills' Railway Construction 
Morgan’s Animal Biology .... 

Physiography 

Morley’s Mechanics for Engineers . 

Morris's Geometrical Drawing . 

Morris and Husband's Geometry . _ 

Morris and Wilkinson’s Cotton Spinning, 
Muir's Practical Chemistry ... 
Murray’s Differential Equations 
Infinitesimal Calculus . 

Nansen's The Norwegian North Polar Expedi- 
tion-Scientific Results 
Neilson’s The Steam Turbine . 

Nesbit’s Mensuration . _ - 

Newth’s Chemical Analysis 

Chemical Lecture Experiments 

Elementary Practical Chemistry 

Inorganic Chemistry 

Norris’ ‘ Otto ’ Cycle Gas Engine 
Northcott's Lathes and Turning 
Notes on Building Construction 
Notter and Firth's Hygiene 


O'Dea’s Logarithms 

Paget's Memoirs and Letters . 

Selected Essays and Addresses 

Parker's Elements of Astronomy . • 

Parker and Unwin’s Art of Building a Home 
Parkinson’S Railway Construetton . 

Parr's Electrical Testing in Physics 

Machine Tools, etc. 

Parsons’ Steam Boilers . ■ 

Perkin's Qualitative Analysis . 

Electro-Chemistry . . . ■ 

Phillips' Materia Medica . . >* ■ 

PlanA’s Thermodynamics .... 
Plimmer’s Fermentation . . • 

Poole's Cookery for the Diabetic 
Poore's Camp Sanitation .... 
Dwelling-House . . > 
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Poore’s Rural H)^iene 

The Earth ia Relation to Contagia 

Poyser’s' Advanced Electricity and Magnetism 
— Magnetisni and Electricity . 

Practical fitemcntary Science Series 
Precce and Sivewrighi’s Telegraphy 
Probyn-Wiiliam's Anaesthetics . 

, Proctor’s Works 

Pullen's Mechanics .... 


Quain's A Dictionary of Medicine . 

{Jones) Elements of Anatomy 

RadcliSe and Sinnatt’s Organic Chemistry 
Kamsay's Introduction to Physical Chemistry 
Keade's Evolution of Earth^Structure 
Reynolds' Experimental Chemist y . 

Rhead’s Metallurgy 
Rhead & Sexton's Assaying and Metallurgical 
Analysis. 

Rhodes’ Alternating Currents . 

Richard's Bricklaying and Brickcuttingj^ . 

Ripper’s Steam 

Steam Engine 

Rivingtons' Building Construction . 
Robinson's Elements of Dynamics . 

Rogers' Geology of Cape Colony 
Rowe’s The Lighting of Schoolroomt. 

Rutley's Study of Rocks 
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Salmon's Conic Sections .... 
Schafer’s Practical Physiology ... 

The Essentials of Histology . 

Seddon's Builder's Work .... 
Sennettand Oram's Marine Steam Engine 
Shelley's Workshop Appliances 
Sbenstone's Introduction to Chemistry . 

Methods of Glass Blowing 

Shield's Harbour Construction . 

Slingo and Drooker's Electrical Engineering 
Problems and Solutions in Electricity 
Sm ale and Colyer's Diseases of the Teeth 
Smiles' Chemical Constitution . 

Smith's (G. L.) Circular Slide Rule . 

(H. F.) The Handbook for Midwives 

— — (J. Hamblin) Conic Sections . 

Elementary Algebra 

Exercises in Algebra ■ . 

Geometry . 

Heat . 

Hydrostatics . 

Statics 

- — — Trigonometry . 

(R.H.) Graphics 

Smith and Hall's Chemistry and Physics . 

t orauer's Physiology of Plants 
pooner’a Geometrical Drawing 
Stanley’s History of Birds . 

Steel's Diseases of the Dog 

Diseases of the Ox . . , 

Diseases of the Sheep . 

Stevenson’s Wounds in War 
Stoney’a Theory of Stresses on Girders . 
Stromeyer’s Marine Boiler Construction . 

Tappeiner’s fntroduction to Chemical Methods 

of Clinical Diagnosia 

Taricton’s Theory of Attraction 

Tate’s Differentia] and Integral Calmlns. .■ 
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Taylor's Calculus ... 

Cotton Weaving . . . . 

Logarithms . . . . . . 

Theoretical Mechanics (3 bookf . , 

Text-books of Physical Chemistry . ; Q 

of Science . • ^ * 

Thomas' Ventilation of Churche^etc. . 
Thomfe and Bennett’s Botany F 
Thornton and Pearson's Volumetric Analysis 
Thornton's Elementary Biology 
— ^Human Physiology . . . I 

Physiography (3 books) . 

Theoretical Mechanics . 

Thorpe and Muir's Qualitative Chemical An- 
alysis . . . . . 

Thorpe’s Dictionary of^AppIied Chemistry 

‘ Quantitative Chemical Analysis 

Tilden’s Chemical Philosophy . 

History of Chemistry 

Practical .Chemistry 

Tubeufs Diseases of Plants 
Twisden’s Mechanics (2 books) . 

Tyndall's Works 


Unwin's Machine Design .... 
The Testing of Materials 

Valder's Tables for Timber 
Vanderpoel's Colour Problems . 

Van 'tHoifs Atoms in Space 

Waller's Human Physiology . , 

Exercises in Practical Physiology . ^ 

Lectures on Physiology • , . ' 

Warren's Engineering Construction. 

Watson's Elementary Practical Physics . 

Geometry 

, Naval Architecture .... 

i — Text-book of Physics 

Watts' A School Flora .... 

Dictionary of Chemistry . .* 

i - — “ Manual for Sugar Growers , 

i Spectrum Analysis , . , , 

I Weathers’ Practical Guide to Garden Plants 

: Webb's Agriculture 

Celestial Objects .... 

Welsford and Mayo's Algebra . . , 

Wheeler’s The Sea Coast .... 

Tidal Rivers 

Whitef's Petrol Motors .... 
Whiteley’s Chemical Calculations , 

— ; — Organic Chemistry ..... 
Williamson's Integral and Differential Calculus 

Stress of Elastic Solids . 

Williamson and Tarleton’s Dynamics 
Wilson's Geometrical Dr&wing. , 

— I — Manual of Health Science 
Winter's Geometrical flawing. , 
Woymell'a Thermodynamics 
Worthington's Dynamics of Rotation 

Physical Laboratory traetke 

Wright’s Advanced Heat . 

Elementary Physics . . 

Optical Projection . . , 

■ ' ' Sound, Light and\Heat . ^ 




Young’s Stoichiometry 








